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ABSTRACT 
Various techniques were implemented at Princeton University in an effort to 
improve the safety climate associated with open-source radioactive material use.  The 
initial and post-intervention safety climate of those working in radiation laboratories was 
assessed by fielding surveys and conducting behavioral observations.  Baseline results of 
assessed safety climate categories indicated safety practices and safety compliance were in 
the most in need of improvement. Specific training based on these results was provided to 
laboratory members, and creative signage and a safety newsletter were posted in and 
around laboratories for reinforcement.  Signage posted utilized pop cultural memes and 
other engaging graphics, designed to raise awareness of appropriate safety practices and 
the minimum laboratory attire expected while working in radioactive material laboratories. 
Post-intervention results indicated a more positive response for most safety climate 
categories and less instances of improper safety practices. Collaborative techniques and 
increased communication between researchers and staff members appear to have initiated 
an improvement in the safety climate.  
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CHAPTER ONE 
INTRODUCTION 
Individuals in various safety roles, across disciplines, have expressed how unsatisfied they 
are with their organization’s existing safety culture (Van Noorden 2013).  As Clemson and 
Princeton University are both dedicated to promoting and maintaining safe laboratory practices, 
this study seeks to identify and improve the safety climate inherent to the research groups working 
in open-source radioactive material (i.e., radioactivity present in a form that is easily dispersible) 
laboratories by studying the opinions and behaviors expressed by individuals. Maintaining a strong 
and robust organizational safety climate is particularly important for young researchers and 
students as they are establishing foundational values regarding safety that will influence their 
behavior throughout their career.  As such, this study involved working with Clemson University’s 
Office of Research Safety, Princeton University’s Environmental Health and Safety, and 
individuals to develop clear and accessible resources related to safety and accountability.   
1.1 Background 
1.1.1 Safety culture vs safety climate 
Safety culture refers to the shared values and beliefs about safety that produce behavioral 
norms over a long period of time (Flin et al. 2000). It can be thought of as the “personality” of a 
group or institution, and changes slowly, if at all. Safety climate refers to the shared perceptions of 
an organization’s policies, procedures, and practices in relation to safety at a specific time. It can 
be thought of as the current “mood.” The group safety climate is an expression of the shared 
organizational safety culture (Neal and Griffin 2006), whereas the individual safety climate is an 
individual expression of the safety culture. These are the definitions taken within this study for 
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safety culture and safety climate, however, it is important to note that there is no definitive 
consensus among experts as to the exact definition and context of these terms (Guldenmund 2000). 
Although safety culture and safety climate are often perceived as synonymous (Huang et 
al. 2013), safety culture cannot be directly quantified as it is a long-term abstraction, whereas 
safety climate at a specific time can be analyzed both qualitatively and quantitatively through 
observations and surveys. Because safety culture does not readily change, small or temporary 
variance in the safety climate is unlikely to substantially influence it. Therefore, continuous 
reinforcement of a positive safety climate is essential for an eventual improvement of the culture. 
This paper focuses on determining baseline safety climate, then implementing recommendations 
for improvement to address identified deficiencies.  
1.1.2 Safety climate and risk 
Safety climate can be estimated based on the results from a risk assessment utilizing a risk 
matrix (Hudson 2001). A risk assessment is a process that generally includes “hazard identification 
and analysis, through which the probable severity of harm or damage is established, followed by 
an estimate of probability of the incident or exposure occurring, and concluding with a statement 
of risk” (ANSI/ASSE Z590.3 quoted in Lyon and Popov 2017). A risk matrix is a tool used to 
characterize various risks of different activities or hazards by organizing them in a table based on 
the probability of occurrence and the severity of consequence. Thus, a risk matrix can be used to 
consolidate and express the results of  a risk assessment. Identifying frequent or more severe risks 
indicates a weaker safety climate and identifying fewer or benign risks indicates a stronger safety 
climate.  There are no definitively clear lines between “weak,” “acceptable,” or “strong” safety 
climates, rather, the value of the asset affected by the hazards and the subsequent risk(s) will 
determine how acceptable the climate may be.   
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1.1.3 Study Locations 
A small-scale priming study was first conducted at Clemson University (CU; Clemson, 
South Carolina) to prepare for a larger study at Princeton University (Princeton, New Jersey).  
CU’s Department of Environmental Engineering and Earth Sciences (EEES) has two nuclear focus 
tracks for graduate students: environmental health physics and radiochemistry.  Researchers from 
both tracks work in the same 4,011 square feet radiochemistry laboratories mainly for radioactive 
waste management applications.  Undergraduate and graduate students, faculty, post-doctorate 
fellows, and collaborators (n=30) work at various times in the surveyed laboratories.  Radiation 
safety training is required for all students working in these laboratories or they must work under 
the direct supervision of a responsible person who has been trained.  In this study, all the 
participating researchers at Clemson University were working with low activity isotopes of 
transuranic actinides. 
Upon initiation of the full study, Princeton University had ten lab groups with active open-
source radioactive authorizations mainly for molecular biology applications.  Two radioisotope 
laboratories went inactive over the course of the study, thus only eight lab groups were analyzed 
following intervention.  Undergraduate and graduate students, laboratory staff, faculty, post-
doctorate fellows, and collaborators (n=92 preliminary study, n=89 post-intervention study) from 
various departments work with radioactive materials.  Radiation safety training is required for all 
students working with open-source radioactive materials. Researchers not working with 
radioactive materials but working in laboratories with a radioactive authorization must also take 
radiation safety awareness training.  Researchers commonly work with tens of kilobecquerel to 
tens of megabecquerel activities of various beta emitters. 
 
 4 
1.2 Literature Review 
The framework for measuring employee perceptions of safety includes the ten dimensions 
or indicators of safety climate: management values, safety communication, safety practices, safety 
training, safety equipment, compliance motivation, safety knowledge, participation motivation, 
safety compliance, and safety participation (Griffin and Neal 2000).  This framework can be used 
to determine the strength or weakness of the safety climate. 
There are a variety of measurement tools in regard to measuring the psychological and 
behavioral safety climates (Cooper 2000).  Safety climate questionnaires are used to measure the 
psychological safety climate, while peer observations are used to measure the behavioral safety 
climate.  Audits of safety management systems are used to measure the situational aspects of the 
climate.  Survey questionnaires and behavioral observations were used to measure the safety 
climate. 
Safety climate is the measurement of the surface features of the safety culture at a specific 
point in time (Flin 2000 and Huang et al. 2013).  Organizations are most interested in how they 
can use their safety climate analysis to engineer a strong safety culture. This study seeks to 
determine techniques for building a strong safety climate. 
The need for improving safety program effectiveness began to occur when industries in the 
United States experienced an increase in the number of reported employee injuries shortly after 
the Occupational Safety and Health Administration (OSHA) implemented new laws for employers 
(Bailey and Petersen 1989).  Bailey and Petersen entertained the notion of using safety perception 
surveys to assess safety system effectiveness in the railroad industry.  While there have been many 
studies correlating the role human behavior and motivation play in the workplace, few 
organizations were implementing these areas into improving the effectiveness of their safety 
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programs (Cooper 2000).  The periodic use of perception surveys can measure the success of safety 
efforts and effectively identify the strengths and weaknesses of elements of a safety system, major 
discrepancies in perception of program elements between management and employees, and 
improvements or deterioration of safety systems.  Safety perception surveys were indicated as a 
better measure of safety performance and a better predictor of safety results in terms of accidents 
and injuries as opposed to other styles of evaluating the safety climate (Bailey and Petersen 1989). 
Under-reporting of accidents and injuries is higher in organizations with poorer safety 
climates or where safety enforcement is inconsistent (Probst and Estrada 2010).  Safety climate 
may provide indication of under-reporting; accidents and injuries are expected to be more 
consistently reported when there is a strong safety climate. . 
The critical skills of laboratory organizations with strong safety climates include hazard 
identification, evaluation, and mitigation (American Chemical Society 2015).  There are several 
prominent techniques for performing a risk assessment including control banding, job hazard 
analysis, risk matrices, what-if analysis, checklists, and development of standard operating 
procedures. A proper risk assessment is essential in determining the highest risk activities. 
After a serious laboratory explosion that occurred at Texas Tech University in 2010 that 
resulted in a graduate student losing several appendages, the U.S. Chemical Safety Board (CSB) 
recommended the American Chemical Society (ACS) develop guidelines for hazard evaluations 
in academic laboratories (American Chemical Society 2015).  ACS created a task force for 
Identifying and Evaluating Hazards in Research Laboratories that published relevant guidelines 
for risk analysis in 2015 (American Chemical Society 2015).  The primary goal of risk rating is to 
determine the differences between high-risk and low-risk activities and hazards.  Both probability 
of occurrence and severity of consequence for each hazard are ranked on a scale from 1 to 5, with 
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1 being the lowest and 5 being the highest, and multiplied together to form a risk rating.  These 
guidelines developed by the ACS were used to develop risk matrices based on laboratory 
observations to assess the risk rating of the hazards.  The type of risk analyzed varies but commonly 
includes financial, reputational, compliance, and operational.  Princeton University uses a similar 
risk rating matrix for emergency management purposes.  Specifically, risk matrices are developed 
for campus evacuation plans relating to natural disasters, hazmat and transportation incidents, and 
other events that might warrant a campus evacuation. 
After the fatal laboratory accident in 2008 at the University of California, Los Angeles 
(UCLA), the university faced legal ramifications due to lapses in safety and training (Carhart 
2015).  A laboratory safety committee was created and provided recommendations to the 
university including improving: (1) safety climate, (2) training and accountability, (3) making 
safety a top-down priority, and (4) accuracy of chemical inventories and recordkeeping on campus.  
These recommendations can be applied to other universities for improving their safety climates. 
The University of Minnesota has made great strides to improve the safety climate in their 
laboratories (McGarry et al. 2013).  University safety staff partners with an industry sponsor and 
university researchers to form a Joint Safety Team (JST) focusing on a bottom-up approach to 
improve the climate.  Many of the techniques the JST has implemented can be used at other 
universities for the same purpose.  The bottom- up approach may be more useful than a top-down 
approach in an effort to engage researchers directly and instill core values in them instead of 
influencing them through upper management. 
In 1993, Idaho National Laboratory assessed their radiation safety climate with the use of 
safety perception surveys, accident statistics, safety performance data, records of employee and 
management concerns, and other measures of performance (Ostrom et al. 1993).  A good safety 
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climate requires employees to be aware of all the potential risks, know what is required of them 
with respect to safety, and to take responsibility for their own safety.  The safety climate survey 
consisted of 84 statements with varying positive and negative wording and was fielded to several 
Department of Energy (DOE) sites.  Ostrom et al. indicated that to achieve results the organization 
must engage the participants with reflecting on the survey responses and actions to mitigate 
identified problems.  Survey results need to be communicated to the participants as soon as 
possible to bring about improvements quickly.  The results indicated that efforts need to be focused 
on involving all employees in addressing safety concerns (Ostrom et al. 1993). 
In 2017, the nuclear security climate was assessed at Purdue University with the use of 
surveys and interviews (Rane et al. 2018).  Pearson correlation coefficients were calculated for the 
survey results in an effort to identify correlations between different demographics and nuclear 
security categories yielding a notable correlation between behavior and leadership.  The study 
identified weaknesses in effective communication and a need to cultivate a security-conscious 
working environment. 
Individuals perceiving their work environment as safe will reciprocate and allocate effort 
to safety activities (Neal and Griffin 2006).  Organizations trying to improve their safety culture 
should focus on changing the work environment to motivate people rather than placing blame and 
punishing.  Change requires time but is more effective than punishing and retraining individuals. 
In the aftermath of the Chernobyl accident in 1987, the Soviet Union and eventually the 
United States Nuclear Regulatory Commission (USNRC) pushed for the development of an 
appropriate safety culture as a requirement for nuclear reactor operator training in the Western 
nuclear industry (Pidgeon 1991).  Pidgeon indicated that the components of a good safety culture 
are integrated within the norms and rules for dealing with risk, safety attitudes, and reflexivity on 
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safety practice.  Because a risk assessment cannot encompass an entire view of risk problems, a 
risk prediction must include strategies for the continuous monitoring of safety.  The ongoing 
management of safety and risk may be guided through study of the organizational safety culture. 
1.3 Research Objectives 
The overarching objective of this study is to assess, compare, and develop successful 
approaches for improving safety climate in open-source radioactive material laboratories.  Active 
engagement in the promotion of safety climate, that is, sustaining a positive safety climate long-
term, will ideally promote a positive institutional safety culture over time. Although improving 
safety culture lies beyond the duration of this work, it is the hope and intent that results of this 
study will persist to that end.    
With the recent advances in research, facilities, and funding, the current (i.e. baseline) 
radiation safety climate at Princeton University may not be sufficient enough to maintain the safety 
of University researchers.  The efficacy of the current safety programs and subsequent safety 
climate may be evaluated through the assessment of the climate and risk to the University.  The 
work herein seeks to answer the following questions: 
• Do researchers wear PPE appropriately and consistently? 
• Are researchers provided with appropriate and effective training? 
• Do researchers have the appropriate safety equipment available to them? 
• Are authority figures practicing, communicating, and promoting safety with their 
researchers? 
• Do researchers communicate safety concerns? 
• Do researchers have positive core beliefs regarding safety? 
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• Do researchers recognize their own safety climate accurately and are they aware 
whether they are practicing safe science? 
• What approaches are the most effective at raising awareness of safety climate and 
improving it? 
It is hypothesized that the safety climate of the radioactive material research laboratories 
at Princeton University may be improved with the following techniques: (1) posting of pop-cultural 
referenced safety memes around laboratories, (2) posting of a safety newsletter near laboratories, 
and (3) having an increased presence in the laboratories by safety staff.  This study tested these 
hypotheses using surveys and behavioral observations to identify areas of the safety climate that 
were weak. After the baseline assessment of the safety climate, recommendations for improvement 
were identified and implemented, and the researchers were re-surveyed and re-observed to see if 
the climate had changed. 
1.4 Significance and Impact 
Identifying the radiation safety climate and striving to improve it is beneficial for students, 
faculty, researchers, safety staff, and the University; the value of strong safety culture and safety 
climate has become increasingly evident as serious laboratory incidents have disturbed the 
scientific community in recent years (Van Noorden 2013).  Interestingly, the term “safety culture” 
was originally coined by the International Atomic Energy Agency (IAEA) following the world’s 
most fatal nuclear incident: the 1986 Chernobyl nuclear disaster (Cooper 2000).  The deficiencies 
associated with the culture at the Chernobyl Nuclear Power Plant were found to be a key factor in 
the series of events leading to the reactor meltdown, which led to the death of 30 first responders: 
two caused by the physical explosion and 28 due to acute radiation syndrome (Cooper 2000).   
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A weak safety culture is frequently reflected in a poor safety climate, which is likely to 
result in higher instances of injuries and accidents, which in turn costs the organization time and 
money as well as negatively impacting the quality of research produced (Neal and Griffin 2006, 
Probst and Estrada 2010).  However, even if the institutional safety culture is negative, active 
interventions may over-rule and minimize the negative impact of current safety culture on 
individual attitudes and behaviors.  That is, because safety climate is responsive to recent events, 
it is possible to influence it with creative, targeted interventions. The implementation of these 
specific intervention strategies will improve the overall workplace safety for open-source radiation 
users, both in the short and long term; frequent, consistent, and proactive reinforcement of our 
recommendations, with regular reevaluation and adjustment as needed, may eventually strengthen 
the culture by maintaining an elevated safety climate, although this is not assessed in the current 
work as the timescale for such changes would be several years.  
  
 11 
CHAPTER TWO 
METHODS 
 
 
The following section outlines the experimental and mathematical methods used for the 
research study at Princeton University.  Radiation safety climate data for this portion of the study 
was collected under Princeton University Institutional Review Board (IRB) Exempt study protocol 
number 10450.  A priming study was first completed at Clemson University in the EEES 
department.  Results of the study are found in Appendix A.  Data collected from the priming study 
indicating the most successful methods for sampling and altering the safety climate were applied 
to the main study at Princeton University. 
2.1 Subjects 
Any and all researchers working with open-source radioactive materials at Princeton 
University were invited to participate in this study.  Undergraduate and graduate students, faculty, 
laboratory staff, post-doctorate fellows, and collaborators (N=92 preliminary study, N=89 post-
intervention study) were unknowingly and anonymously observed working in their laboratories.  
The individual collecting observation data was a person in a perceived role of authority so it may 
be likely that participants altered their behaviors upon realization that they were in the presence of 
the individual.  Ten Principal Investigators (PIs) held active labs during the preliminary study 
while only eight PIs maintained active labs during the post-intervention study.  Various beta 
emitters with activities on the orders of tens of kilobecquerel to tens of megabecquerel were the 
most commonly used in these laboratories.  The study was expanded to analyze not just radiation 
safety but also laboratory and workplace safety.  The study limitations include the small sample 
size and that the person taking observations was a radiation safety staff member in a perceived role 
of authority.  It was assumed that the subjects did not alter their behavior due to being observed 
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and that a variety of researchers were being observed instead of the same person representing all 
the observation data. 
2.2 Procedures 
Initially, fielding surveys and conducting concurrent behavioral observations to estimate 
the safety climate for radioactive material users was conducted to determine which areas to focus 
on for improvement.  Risk assessments were constructed and analyzed with respect to observed 
behaviors.  Selected recommendations based on time and likelihood for success were implemented 
before the post-intervention study was conducted.  Full surveys are listed in Appendix B. 
2.2.1 Preliminary Surveys and Observations 
Observations of researchers working in the lab and survey responses indicated whether 
researchers wore their PPE appropriately and consistently and recognized their own safety climate 
strengths and weaknesses through awareness of whether they practice safe science.  The 
observation worksheet is listed in Appendix C. 
Survey results may indicate whether researchers were provided with appropriate and 
effective training, had the appropriate safety equipment available to them, communicated safety 
concerns to the appropriate entities, had positive core beliefs about safety, recognized their own 
safety climate accurately, and authority figures practiced, communicated, and promoted safety. 
The various elements of safety climate, represented in Fig. 2.1, were incorporated into the 
survey questions to gain an overall understanding of the climate as well as to identify any potential 
problem areas. 
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Figure 2.1: Components of safety climate (Griffin and Neal 2000) 
Collectively, these components (taken as survey question categories) helped to characterize 
the strength or weakness of the safety climate based on how positive or negative responses to 
questions were within each safety climate category (DeJoy et al. 2004, Griffin and Neal 2000). 
Figure 2.2 illustrates several characteristic questions from the safety climate survey. 
 
Figure 2.2: Sample safety climate survey questions 
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To ensure an authentic survey response, a quality assurance question was included at the 
end of the survey instructing the researcher to indicate response 3, a ranking of neutral.  Any 
surveys without responding “3” on this question were eliminated from analysis as it was evident 
they were not closely reading the survey questions.  Therefore, their responses to the remainder of 
the survey were invalidated. 
The preliminary survey from the priming study was adapted to fit Princeton University 
before being fielded to researchers.  Questions were updated to reflect Princeton University instead 
of Clemson University. 
For IRB exempt approval, members fielding the study had to complete the Social & 
Behavioral Research Investigators and Social and Behavioral Faculty Advisors courses.  The 
documents submitted to Princeton University’s Institutional Review Board (IRB) were: 
1. Consent scripts 
a. Verbal, email, and survey introduction consent scripts 
2. Exempt application 
3. Radiation safety survey questions with consent script 
After IRB approval, radiation safety climate surveys were fielded to researchers working 
with open-source radioactive materials.  Hard copies of the survey were provided to those 
attending the required annual instructor-led radiation safety refresher training for open-source 
users, and a link to the online survey was emailed to the same group.  The highest survey response 
rate was achieved through distribution of paper surveys during the annual radiation refresher 
training.  Participants were encouraged to complete the survey to improve their working 
environment and to assist a fellow scholar with obtaining research data.  Concurrently, anonymous 
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random behavioral observations of the researchers working in the laboratories were also 
conducted. 
2.2.2 Implementation of Recommendations 
 A table consisting of potential deficiencies, root causes, and recommendations was 
generated based on preliminary survey responses and can be found in Chapter 3.  Overall, 
responses that received less than the most favorable answer of strongly agree were included in the 
table as a potential deficiency in the safety climate.  Possible root causes for the identified potential 
deficiencies and various strategies were considered to rectify the potential deficiencies. 
 Selection of which strategy to recommend for implementation took into consideration the 
likelihood of success that the intervention would be accepted by the differing groups of 
researchers.  Mitigation techniques and recommendations for improvement were implemented to 
open-source radioactive material laboratories with the approval of the individual lab managers and 
the director of Environmental Health and Safety about a month after fielding preliminary surveys. 
Specifically, a safety newsletter, The Porcelain Chronicles, was posted in and around the 
restrooms located near open-source radioactive material laboratories after approval from the 
facilities safety manager for each building.  A copy of the safety newsletter can be found in 
Appendix D.  Volume 1, Issue 1: “How does your Lab Attire Measure Up?” displayed a photo 
indicating the recommended attire to work in an open-source radioactive material laboratory at 
Princeton University including closed-toe shoes, long pants, lab coat, safety glasses, long hair 
pulled back, and disposable gloves.  Contact information for the office of Environmental Health 
and Safety was included at the bottom of the newsletter as a way to obtain more information. 
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Additionally, safety postings in the form of internet memes were posted throughout the 
open-source radioactive material research laboratories with the permission of the individual 
laboratory managers.  Figure 2.3 illustrates a laboratory safety meme posted in radiation 
laboratories of a television character ironically showing that a lab member may die when they do 
not follow the laboratory safety rules. 
Figure 2.3 Laboratory safety meme depicting a television character 
All postings may be found in Appendix E.  Internet memes are described as ideas or fads 
relating to internet cultures that spread amongst people for humorous purposes or mimicry and 
expose truth about something. (Zittrain 2014).  These postings were created to appeal to the 
younger generation of students and raise awareness of safety issues.  For instance, famous 
individuals including television and movie stars are displayed in these postings reviewing safety 
rules, wearing personal protective equipment, and discussing the negative effects of overlooking 
safety in the laboratory.  A posting was also created of a female scientist doll indicating how her 
lab attire was good or bad for working in the laboratory. 
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2.2.3 Post-Intervention Surveys and Observations 
The post-intervention survey was identical to the preliminary survey, except for the 
additional inclusion of three questions concerning the effectiveness of the implemented 
recommendations.  Surveys were fielded approximately one month after implementing mitigation 
techniques.  The amount of time elapsed between fielding the preliminary set of surveys and post-
intervention set of surveys was several months during the same semester.  Approximately the same 
set of individuals were responding to the surveys.  Safety climate post-intervention surveys were 
fielded to those working in open-source radioactive material laboratories in a different fashion than 
the preliminary surveys because annual refresher training had already taken place.  A link to 
complete the survey electronically was individually provided to students, faculty, and laboratory 
staff working in open-source radioactive material laboratories in the hopes than an individual email 
would increase survey response.  Concurrently, observations of researchers working in the lab 
were recorded in a similar fashion as the initial set of observations. 
2.3 Statistical Analysis 
2.3.1 Preliminary Data Analysis 
Survey results were compiled and responses to each question plotted as individual bar 
graphs to visualize the data. Responses to inverted safety climate questions (stronger climate 
responses are aimed toward 1, strongly disagree, instead of 5, strongly agree) were reversed in the 
data analysis.  This was so responses would align with each other better compare using the same 
scale of 5 being the best safety climate response and 1 being the worst safety climate response.  
For instance, a response of “2” was changed to a “4” for these specific questions in the data 
analysis.  The specific questions were: (1) I have to take short-cuts with regard to safety in order 
to complete the work expected of me, (2) Personal radiation exposures are an inevitable part of 
 18 
my research, and (3) I work with multiple groups or people who have different standards for 
conducting research. 
 Additionally, summary bar graphs were generated for each survey question response.  The 
data was organized by selected response (from 1 to 5) and displayed on the graphs shown in 
Appendix F by percentage of each selected response to visibly display the results.  Data 
visualization helped inform determination of potential deficiencies in safety climate.  The mean 
response and standard deviation were calculated using Eqs. 1 and 2 for each question to clearly 
see the overall results and how the responses varied from each other. 
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Where σx = standard deviation. 
 Linear correlations of the relationship between the responses to the survey questions were 
analyzed with a Pearson correlation coefficient.  The Pearson correlation coefficient measures the 
strength of the linear relationship between two variables (Fink 2003).  Correlation coefficients 
were used to determine if and how well safety climate indicators were linearly correlated with each 
other to provide additional insight for interpreting the study results. For example, when developing 
interventions for the indicator(s) in need of improvement, considering how and why other 
indicators are correlated may make the intervention more effective.  Coefficients closer to -1 and 
1 indicate a correlation between the variables and coefficients closer to 0 indicate no correlation 
between the two variables.  A coefficient of 1 indicates a total positive linear correlation while a 
coefficient of -1 indicates a total negative linear correlation.  Utilizing a conservative rule of 
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thumb, correlation coefficient values less than 0.5 do not indicate a significant relationship (Fink 
2003).  Correlation coefficients between 0.5 and 0.75 indicate a moderate to good linear 
relationship, while correlation coefficients between 0.75 and 1 indicate a very good to excellent 
linear relationship (Fink 2003).  The Pearson correlations coefficient was used to analyze the 
relationship between the mean responses to different questions.  For instance, the calculated 
Pearson correlation coefficient for the mean response to questions a1 (I know where I can find 
safety material regarding specific equipment or chemicals in the laboratory should I need it.) and 
i1 (I help my coworkers when they are working under risky or hazardous conditions.) for the 
Princeton University post-intervention responses was 0.794.  A correlation coefficient of this 
magnitude indicates a good linear relationship, meaning that participants’ responses to a1 have a 
strong relationship to those of i1.  A more positive response to a1 would therefore cause the 
expected response to i1 to be proportionally more positive, and vice versa.  Highly correlated 
responses indicate a subject area where one factor can be intentionally changed and both things 
could either benefit or flounder from that.  For instance, if a genuine attempt was made to have 
everyone know where safety materials about specific equipment or chemicals in their labs are 
located, it would be expected to see researchers also helping their coworkers more while working 
under risky or hazardous conditions. 
Each question was assigned a unique identifier with a letter indicating the category and a 
number indicating which question in the category.  The list of questions with their unique identifier 
is shown below in Table 2.1. 
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Table 2.1: List of survey questions with a unique identifier 
Safety Knowledge 
a1 I know where I can find safety material regarding specific equipment or chemicals in the laboratory should I need it. 
a2 I know how to use a meter to detect radiation and contamination, including testing batteries and checking calibration dates. 
a3 I am aware of the hazards associated with the radiation or radioactive material that I am working with. 
Personnel Training 
b1 I have had laboratory safety training at Princeton University. 
b2 I have had radiation safety training at Princeton University. 
b3 I have had safety training at a location other than Princeton University. 
b4 I am confident that the training provided enables me to work safely in the laboratory. 
b5 My PI provides me with additional hands-on training that I need to feel safe while conducting experiments. 
Compliance Motivation 
c1 I believe it is important to wear safety glasses in the laboratory. 
c2 I believe workplace health and safety is an important issue. 
c3 I believe it is important to participate in making decisions regarding my personal safety. 
Safety Compliance 
d1 I wear safety glasses while conducting research in the laboratory. 
d2 I have to take short-cuts with regard to safety in order to complete the work expected of me. 
d3 I wear a lab coat and gloves while conducting research in the laboratory. 
d4 I conduct personal surveys every time I leave the radioactive laboratories. 
Safety Practices 
e1 Personal radiation exposures are an inevitable part of my research. 
e2 I work with multiple groups or people who have different standards for conducting research. 
Manager Values 
f1 My PI values my personal safety while conducting research. 
f2 Research safety is of high concern among my peers. 
Safety Equipment 
g1 There is appropriate and sufficient PPE available for my use in the lab. 
g2 My lab is orderly and maintained in a way that I can easily and safely conduct my research. 
Safety Communication 
h1 There is sufficient opportunity to discuss and address safety issues in meetings. 
h2 I feel comfortable communicating safety issues to other group members as well as to my PI. 
Safety Participation i1 I help my coworkers when they are working under risky or hazardous conditions. 
Participation 
Motivation 
j1 I believe that promoting safety in the workplace is important. 
j2 I am enthusiastic about my job and proud of the work I do. 
Additional Questions 
l1 I noticed new safety-related signage in and around my laboratory. 
l2 I think the new safety signage was effective at encouraging laboratory safety. 
l3 The new safety signage changed my laboratory safety practices. 
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Minitab (Minitab18, State College, PA, U.S.), was used to calculate the Pearson correlation 
coefficients, the two-sample t-test values, and the degrees of freedom values.  The Pearson 
correlation coefficient for linear correlation for the responses to each question against the 
responses to all other questions was calculated by Minitab using Equation 3. 
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Where x  = mean for question x, xi = ith value of question x, n = number of data points, y = mean 
for question y, yi = ith value of question y, and r is the Pearson correlation coefficient. 
2.3.1.1 Risk Assessment 
The risk assessment process used in this work consisted of five steps: (1) identify hazards, 
(2) identify persons affected, (3) evaluate risks and determine preventative, protective measures, 
(4) record findings and implement them, and (5) monitor and review (Whiting 2014).  Several such 
risk assessments were performed, focusing on researchers working in open-source radioactive 
material laboratories. Results were analyzed and expressed in the form of risk matrices. Within 
these five steps, hazard identification, evaluation, and mitigation were prioritized as they are 
considered to be the most important steps of a successful risk assessment in a laboratory (American 
Chemical Society 2015). Safety observations identified the hazards and persons affected, while 
the risk matrix was generated to evaluate the risks of certain behaviors that potentially increase 
risk of accident or injury (Zalk et al. 2010). 
As surveys and observations were anonymized, the University was taken to be the entity 
of interest in terms of the assessments. Each hazard was identified and assigned a topic of either 
“lab attire” or “lab practices.” Four types of risk were considered: compliance, operational, 
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reputational, and financial.  The impact on the university for each hazard was ranked for each risk 
topic: high (catastrophic), high-moderate (major), moderate (moderate), moderate-low (minor), or 
low (insignificant). The likelihood of each hazard to occur was similarly ranked: high (highly 
likely or 80-100% of the time), high-moderate (likely or 60-80% of the time), moderate (possible 
or 40-60% of the time), moderate-low (unlikely or 20-40% of the time), or low (rare or 0-20% of 
the time).  The likelihood of occurrence was determined based on how often the hazard was 
observed. A risk matrix for the preliminary observations was generated for each risk type 
(compliance, operational, reputational, and financial) to identify the highest risk hazards observed.  
Identifying more hazards in higher risk categories in the risk matrix correlates to a weaker safety 
climate, while more hazards in lower risk categories correlates to a stronger safety climate. 
2.3.2 Post-Intervention Data Analysis 
 Post-intervention survey responses were analyzed similarly to the preliminary survey 
responses.   Identically to the preliminary results, responses to inverted safety climate questions 
were reversed in the data analysis to better compare the data.  Bar graphs, illustrated in Appendix 
F, and radar charts were generated for each question within the safety climate indicator and 
compared to the preliminary results for visual indication of the safety climate change.  Next, the 
mean and standard deviations for each post-intervention survey question response were calculated.  
The means were graphed similarly to the preliminary data and shown in Appendix G. 
Several new updated risk matrices were generated to identify the highest priority hazards, 
and thus to indicate areas of attention for the University.  Pearson correlation coefficients between 
post-intervention survey results were calculated using Minitab with probability, p-values, to 
indicate any linear correlations. 
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A two-sample t-test assuming equal variances was completed using Minitab to compare 
the preliminary survey results to the post-intervention survey results using Eq. 4 (de Winter 2013). 
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where t is the t-value and s is the standard deviation. 
 The null hypothesis was that the difference in the response means of a preliminary and 
post-intervention survey question is zero, and the alternative hypothesis is that the difference in 
these means is different than zero. A two-tailed test was conducted as potential improvements and 
weakening of safety climate indicators were both considered. The confidence level was chosen to 
be 0.05; if the p-value resulting from the t-test is less than 0.05, the null hypothesis would be 
rejected in favor of the alternative hypothesis and thus concluding that a significant difference 
between the mean values exists.  Degrees of freedom are the number of independent values in 
which the statistical analysis may vary and defined as the number of samples minus one. It is the 
number of variables which can be assigned to a statistical distribution. 
The variance and standard deviation were calculated for the mean of the responses for each 
safety climate category using propagation of error, resulting in Eqs. 5 and 6 respectively, 
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where σx2 is the variance or responses within a safety climate indicator, σx (x being the mean 
response per question in a safety climate indicator) is the standard deviation of the responses within 
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a safety climate indicator, and σyi (y being the mean response per safety climate indicator) is the 
standard deviation for the mean responses for each question within a safety climate indicator.  
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CHAPTER THREE 
RESULTS AND DISCUSSION 
 
 
3.1 Preliminary Results 
3.1.1 Survey Results 
 Out of a sample population of 92, 85 (92%) responses were received.  Of these, 82 (89%) 
were usable due to an incorrect selected quality control response for three participants.  Figure 3.1 
illustrates the preliminary survey results by safety climate category. 
 
Figure 3.1 (a and b): Preliminary Princeton University survey results organized by safety 
climate category 
 
These survey results include a radar graph of responses organized by five safety climate 
categories: (1) safety knowledge, (2) safety participation, (3) safety equipment, (4) safety 
compliance, and (5) safety practices (Fig. 3.1(a)) and a second radar graph of responses organized 
by the remaining five safety climate categories: (6) personnel training, (7) participation motivation, 
(8) compliance motivation, (9) safety communication, and (10) manager values (Fig. 3.1(b)).  A 
summary of the survey response is illustrated in Appendix F.  A table with the calculated means 
and standard deviations incorporating each response to the survey questions is displayed in 
Appendix G. 
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Pearson correlation coefficients were computed to determine if there existed a linear 
correlation between the survey responses.  This was useful for determining if and how well the 
safety climate indicator categories were correlated to make the interventions more effective.  No 
correlations greater than 0.75, indicating an excellent linear relationship, were found for this 
preliminary set of data for Princeton University. Since there were no correlations of significance, 
recommendations were made to improve individual safety climate categories instead of focusing 
on recommendations that could improve multiple categories at one time.  Tables of the preliminary 
correlation coefficients calculations can be found in Appendix H. 
3.1.2 Observation Results 
 During the course of the preliminary study, behavioral observations of 29 personnel with 
at least three PPE observations each (gloves, lab coat, and safety glasses) were taken of researchers 
performing experiments in radiological laboratories.  There were some areas that called for 
improvement based on observations.   There were 23 additional observations recorded including 
other attire or lab practices.  Figures 3.2, 3.2, and 3.4 illustrate examples of unsatisfactory safety 
practices observed in radiological laboratories at Princeton University.  
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Figure 3.2: Beverages stored in a radioactive cold room 
 
 
Figure 3.3: Blocked safety shower and eyewash 
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Figure 3.4: Overflowing radioactive waste pail 
 
Specifically, these observations included the storing of food and beverages in a radioactive 
storage cold room (an observation with laboratory identifying information redacted is pictured in 
Fig. 3.2), a completely blocked safety shower and eye wash apparatus (Fig. 3.3), and an 
overflowing radioactive waste bin (Fig. 3.4).  Storing food and beverages near radioactive material 
could potentially contaminate the items that will later be consumed, causing someone to have an 
internal uptake of radioactive materials.  In the unlikely event that someone needs to use the safety 
eyewash or shower, the area must be accessible especially if the victim has difficulty navigating 
to the eyewash with an eye exposure.  An overflowing radioactive waste bin could cause 
contamination from the items thrown away to spread outside of the waste pail to unwanted places 
throughout the laboratory.  Figure 3.5 illustrates the results of safety observations with respect to 
PPE usage. 
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Figure 3.5: Preliminary safety observation results with respect to PPE usage 
These observation results include presence or lack of wearing a lab coat (Fig. 3.5(a)), a re-
enactment example photo of researchers wearing safety glasses, lab coats, and gloves while doing 
laboratory work (Fig. 3.5(b)), wearing gloves or lack of gloves while performing experiments (Fig. 
3.5(c)), and presence or lack of wearing safety glasses or regular glasses (Fig. 3.5(d)).  Researchers 
appear to have excellent glove wearing practices while lab coat and safety glasses practices have 
more non-compliance than compliance.  Lab coats and gloves are required for radioactive material 
work however safety glasses are not. 
3.1.3 Recommendation Table 
Survey and observation results provided insight into potential deficiencies in the safety 
climate and ultimately the safety culture.  Table 3.1 describes the possible deficiencies associated 
with each safety climate indicator, the suspected root causes of these deficiencies, and 
recommendations for improvement resulting from survey response that did not receive a 5, 
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strongly agree.  Many of the potential deficiencies at Princeton University align with the potential 
deficiencies identified at Clemson University. 
Table 3.1: Potential deficiencies, suspected root causes, and recommendations for safety climate 
improvement at Princeton University 
 
The suspected root cause for each identified potential deficiency was determined based on 
behavior observations and survey results.  After successful implementation of these 
recommendations, a stronger safety climate was expected to be found.  Some recommendations 
included posting creative safety signage to catch the attention of researchers, additional training 
for preparation of an accident, and effective communication about safety-related concerns between 
faculty and students.  Any number of these recommendations may be able to influence researchers 
to develop a stronger safety climate. 
Safety climate 
indicators 
Potential deficiency Suspected root 
cause 
Recommendation for 
improvement 
Safety 
knowledge 
Unknown how to 
use a meter to 
detect 
contamination 
Lack of training, 
research may not 
require use of a 
meter 
Additional training 
Personnel 
training 
PI does not provide 
additional protocol 
specific training 
Senior members 
of the laboratory 
may provide 
training instead of 
PI 
Researchers must sign off 
on a protocol that they 
have been trained before 
performing it alone 
Safety 
compliance 
Does not wear 
appropriate PPE 
Lack of 
accountability or 
emphasis on 
importance 
PIs set example; hands on 
trainings to demonstrate 
the value of PPE; Rotating 
PPE and lab safety posters 
Have to take short-
cuts in regards to 
safety 
Lack of a variety 
of safety 
techniques to fit 
specific tasks 
Talk with laboratory 
manager about efficiency 
with regards to safety 
Safety 
participation 
Does not help peers 
working in 
hazardous 
situations 
Poor attitudes and 
“tunnel vision” 
while working in 
lab 
PIs will be encouraged to 
adopt rotating safety 
moment topic 
presentations at group lab 
meetings prepared and 
presented by researchers 
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After the laboratory fire that caused the death of UCLA graduate student, Sheharbano 
Sangji, UCLA invested in many laboratory safety initiatives for developing a strong safety climate 
including top-down communication, improving and expanding outreach and training, increasing 
accountability and oversight, improving laboratory design, and improving inventory and record 
keeping (Gibson et al. 2014).  Preliminary safety observations at Princeton University indicate 
many PPE violations such as lack of lab coat and eye protection, similar to how Sangji was not 
wearing a lab coat while performing her fatal experiment with pyrophoric material.  While PPE is 
a last line of defence for protection against hazards, it can be the difference between life and death 
in the event of an emergency.  It is reasonable to conclude that without an improvement in safety 
climate, there is a high risk for a tragic laboratory incident, such as the one that occurred at UCLA. 
Many of the recommendations are similar to those recommended in the pilot study like 
enhanced communication between students, faculty, and safety administration as well as 
encouragement of all relevant parties to take a more active role regarding their personal safety at 
work.  OSHA requires employers to provide a safe workplace and encourages personnel safety, 
however ultimately an individual controls his or her personal behaviors related to safety (29 CFR 
Part 1910.133 2016).  Therefore, taking a more collaborative approach between all parties is most 
likely method to effectively reduce the risk of accidents and injuries occurring in workplace 
laboratories.   
3.1.4 Risk Assessment 
Each observation was evaluated based on the likelihood of an event occurring and the 
impact of severity for each of four risk categories: compliance, operational, reputational, and 
financial.  Figure 3.6 displays these risk matrices and identifies the observations that have the 
highest risk to the University.
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Figure 3.6: Princeton University preliminary risk matrices 
 33 
The highest risk hazards based on the risk assessment include lack of lab coat, lack of safety 
glasses, unsecured radioactive stock vials, non-functioning radiation survey meter batteries, food 
and beverages in a radioactive cold room, and blocked access to the safety shower and eyewash.  
Lack of PPE and blocked safety systems can have severe consequences in the event of an accident.  
A survey meter with non-functioning batteries may not indicate contamination that could cause a 
large, wide-spread contamination event.  Food and beverages found in a radioactive cold room 
may terminate the license with the State to possess radioactive material because the items could 
become unknowingly contaminated and consumed. 
Three hazards made it into the high risk (red) category of the risk matrices and include (1) 
lack of lab coat, (2) lack of safety glasses, and (3) eyewash and safety shower access blocked. 
In terms of compliance risk, 29% (5/17) were considered high/high-moderate risk 
including (1) lack of lab coat, (2) wearing pants that stop mid-calf, (3) stock vials unsecured, (4) 
lack of record of personal/work area survey post stock vial withdrawal, and (5) radiation survey 
meter batteries non-functioning.  These five hazards represent risk to the University in the event 
of an inspection by the New Jersey Department of Environmental Protection (NJDEP).  The 
NJDEP is the governing agency for radioactive materials in the state of New Jersey and these high-
risk hazards represent events that may result in a fine and a non-compliance from the NJDEP. 
In terms of operational risk, 35% (6/17) were considered high/high-moderate risk including 
(1) lack of lab coat, (2) lack of safety glasses, (3) wearing normal prescription glasses as safety 
glasses, (4) stock vials unsecured, (5) lack of record of personal/work area survey post stock vial 
withdrawal, and (6) radiation survey meter batteries non-functioning.  These six hazards represent 
risk to the University that may stop laboratory operations.  This may include the NJDEP shutting 
down the University’s radioactive materials license for non-compliance events or an accident of 
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injury may occur as a result of one of the hazards that may lose work days affecting the operation 
of the laboratory. 
In terms of reputational risk, 35% (6/17) were considered high/high-moderate risk 
including (1) lack of lab coat, (2) lack of safety glasses, (3) wearing normal prescription glasses as 
safety glasses, (4) wearing pants that stop mid-calf, (5) stock vials unsecured, and (6) lack of record 
of personal/work area survey post stock vial withdrawal.  These six hazards represent risk to the 
University reputation that may lose students or grants.  This may include the NJDEP shutting down 
the University’s radioactive materials license for non-compliance events that result in loss of grant 
funding or students from enrolling. 
In terms of financial risk, 18% (3/17) were considered high-moderate risk including (1) 
lack of lab coat, (2) stock vials unsecured, and (3) lack of record of personal/work area survey post 
stock vial withdrawal.  These three hazards represent financial risk to the University including 
fines from NJDEP for non-compliance events. 
3.2 Post-Intervention Results 
3.2.1 Survey Results 
The post-intervention surveys were fielded to Princeton University researchers one month 
after implementing the recommendations.  The sample size was 89 with a usable response rate of 
43%.  Figure 3.7 illustrates the post-intervention survey results by safety climate category. 
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Figure 3.7 (a and b): Post-intervention Princeton University survey results organized by safety 
climate category 
 
These survey results include a radar graph of responses organized by five safety climate 
categories: (1) safety knowledge, (2) safety participation, (3) safety equipment, (4) safety 
compliance, and (5) safety practices (Fig. 3.7(a)) and a second radar graph of responses organized 
by the remaining five safety climate categories: (6) personnel training, (7) participation motivation, 
(8) compliance motivation, (9) safety communication, and (10) manager values (Fig. 3.7(b)).  
Appendix F illustrates the post-intervention survey results by individual question.  Safety 
equipment and participation motivation received the highest scores from participants with an 
average of 4.48 and 4.76 each, respectively.  Figure 3.8 illustrates the mean survey responses for 
each category of questions comparing the preliminary responses to the post-intervention responses. 
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Figure 3.8: Mean survey responses for Princeton University 
Safety practices and safety compliance were the lowest scoring categories, indicating areas 
that could be improved.  Although not everything was statistically significant, almost everything 
increased in positivity of response except for safety practices (decreased) and compliance 
motivation (unchanged).  Safety participation, compliance, knowledge, communication, manager 
values, and personnel training appeared to increase in positivity more than other categories.  Safety 
practices might have been the lowest simply because not everyone practiced a positive safety 
climate even if they had the beliefs and understanding of a positive climate.  In fact, in the 
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preliminary risk matrices, there were a large number of safety practice hazards identified with high 
frequency of varying consequences.  In the future, average survey response would be expected to 
continue to increase with continuation of The Porcelain Chronicles and additional rotating 
laboratory safety meme postings.  Safety practices were the lowest scoring safety climate category 
which may be made more positive with the implementation of additional training and more 
effective PPE such as lab coats with cinched sleeves. The results of the two-sample t-test 
comparing the preliminary survey responses with the post-intervention responses are given in 
Table 3.2. 
Table 3.2: Princeton University t-test results 
Question T-value P-value 
a1 -0.35 0.728 
a2 3.33 0.001 
a3 3.01 0.003 
b3 0.69 0.492 
b4 0.46 0.644 
b5 0.9 0.368 
c1 -0.98 0.329 
c2 0.84 0.402 
c3 1.34 0.182 
d1 0.007 0.945 
d2 -1 0.321 
d3 1.72 0.087 
d4 2.27 0.025 
e1 1.27 0.208 
e2 -0.73 0.468 
f1 -0.7 0.487 
f2 1.39 0.167 
g1 2.04 0.044 
g2 1.85 0.067 
h1 2.64 0.009 
h2 2.83 0.005 
i1 1.52 0.132 
j1 1.51 0.134 
j2 0.2 0.839 
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A t-test indicated several definitive statistically significant changes in question response to 
questions in safety knowledge, safety compliance, safety equipment, and safety communication 
with at least a 95% confidence level.  Specifically, knowledge of how to use a survey meter and 
of the radiation hazards appeared to become more positive after implementing recommendations.  
Additionally, survey responses regarding conducting personal surveys and availability of PPE 
were more positive.  Importantly, both questions regarding safety communication between group 
members and PIs had a more positive response after implementing recommendations. Table 3.3 
lists the linearly correlated post-intervention survey responses with at least 95% confidence. 
Table 3.3: Princeton University significant post-intervention correlation coefficients 
Question 1 Question 2 r 
a1 i1 0.794 
b4 d4 0.763 
c1 d1 0.872 
c1 d3 0.795 
c2 j1 0.805 
d1 d3 0.801 
g1 h1 0.827 
j2 l1 0.775 
 
While initially there were no statistically significant Pearson correlation coefficients found, 
in the post-intervention analysis there were eight sets of coefficients identified with values greater 
than 0.75 indicating an excellent level of correlation.  The high number of correlations is likely 
due to the increase in awareness since the preliminary set of surveys were fielded.  The full set of 
calculated correlation coefficients for the post-intervention data can be found in Appendix H. 
The highest linear correlation, r = 0.872, was found between c1 (I believe it is important to 
wear safety glasses in the laboratory.) and d1 (I wear safety glasses while conducting research in 
the laboratory.).  Likewise, if the core beliefs of researchers include wearing safety glasses for 
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their personal protection, then they were more likely to wear their safety glasses while conducting 
experiments in the laboratory. 
The second highest linear correlation, r = 0.827, was found between g1 (There is 
appropriate and sufficient PPE available for use in the lab.) and h1 (There is sufficient opportunity 
to discuss and address safety issues in meetings.).  Specifically, if the lab group made safety a 
priority and members were comfortable talking about safety issues, the lab group might have been 
more likely to request additional PPE or safety supplies for use in the lab. 
3.2.2 Observation Results 
Behavioral observations similar to the preliminary methods were again taken of researchers 
performing experiments in radiological laboratories.  Figure 3.9 illustrates the results of the 
observations post-intervention of recommendations. 
Figure 3.9: Post-intervention safety observations with respect to PPE usage 
 These observation results include presence or lack of wearing a lab coat (Fig. 3.9(a)), 
wearing safety glasses not counting regular glasses as compliant (Fig. 3.9(b)), wearing gloves 
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while performing experiments (Fig. 3.9(c)), and wearing safety glasses or regular glasses (Fig. 
3.9(d)).  Researchers were observed having more compliant lab coat practices and greater use of 
safety glasses post-intervention of recommendations. 
3.2.3 Risk Matrices 
Each observation was again evaluated based on the likelihood of an event occurring and 
the impact of severity for each of four risk categories: compliance, operational, reputational, and 
financial.  Figure 3.10 displays these risk matrices and identifies the observations that have the 
highest risk to the University post-intervention of recommendations. 
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Figure 3.10: Princeton University post-intervention risk matrices 
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 Significantly less hazards were observed during the post-intervention observation period.  
The highest risk hazards based on the risk assessment include lack of lab coat, lack of safety 
glasses, unsecured radioactive stock vials, and blocked access to the safety shower and eyewash.  
All of these high-risk hazards were previously identified in the preliminary risk assessment 
however not all high-risk hazards from the preliminary risk assessment were returned as high-risk 
from the post-intervention risk assessment.  One hazard made it into the high risk (red) category 
of the risk matrices and includes lack of lab coat. 
In terms of compliance risk, 33% (3/10) were considered high/high-moderate risk 
including (1) lack of lab coat, (2) wearing pants that stop mid-calf, (3) stock vials unsecured.  These 
three hazards represent risk to the University in the event of an inspection by the NJDEP that may 
result in an issuance of non-compliance and fine.  There were two less hazards in the high-hazard 
post-intervention risk matrix for compliance risk indicating fewer high-valued compliance risks. 
In terms of operational risk, 20% (2/10) were considered high/high-moderate risk including 
(1) lack of lab coat and (2) stock vials unsecured.  These two hazards represent risk to the 
University that may stop laboratory operations.  This may include the NJDEP shutting down the 
University’s radioactive materials license for non-compliance events or an accident of injury may 
occur as a result of one of the hazards that may lose work days affecting the operation of the 
laboratory.  There were four fewer hazards in the high-hazard post-intervention risk matrix for 
operational risk indicating fewer high-valued operational risks. 
In terms of reputational risk, 33% (3/10) were considered high/high-moderate risk 
including (1) lack of lab coat, (2) wearing pants that stop mid-calf, and (3) stock vials unsecured.  
These three hazards represent risk to the University reputation that may lose students or grants.  
This may include the NJDEP shutting down the University’s radioactive materials license for non-
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compliance events that result in loss of grant funding or students from enrolling.  There were two 
fewer hazards in the high-hazard post-intervention risk matrix for reputational risk indicating 
fewer high-valued reputation risks. 
In terms of financial risk, 20% (2/10) were considered high-moderate risk including (1) 
lack of lab coat and (2) stock vials unsecured.  These two hazards represent financial risk to the 
University including fines from NJDEP for non-compliance events.  There was one fewer hazard 
in the high-hazard post-intervention risk matrix for financial risk indicating fewer high-valued 
financial risk. 
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CHAPTER FOUR 
CONCLUSION AND FUTURE WORK 
 
 The results of the surveys and observations indicate that the safety climate improved 
following the implementation of recommendations decided upon based on a preliminary survey.  
Implemented recommendations appeared to positively change safety knowledge, safety 
compliance, safety equipment, and safety communication in radioactive material laboratories with 
a 95% confidence level.  It appears that an increase in safety knowledge and awareness helped 
compliance. 
While the survey response rate at Princeton University was excellent compared to 
Clemson, the two had similar results in terms of reported safety climate.  Both institutions featured 
Safety Practices as their lowest scoring safety climate category.  Since this was the lowest scoring 
category both pre-and post-intervention, safety practices should still be a priority for improving 
the safety climate.  The postings, especially the Porcelain Chronicles were at least slightly 
effective at raising awareness of safety climate and the appropriate safety practices. Collaborative 
techniques and communication between the safety office, PIs, and researchers appears to be the 
most effective for improving the safety climate. 
 The study should be repeated periodically with different, additional, and/or more advanced 
recommendations implemented based on the survey results.  Periodic surveying allows for 
quantitative tracking of the safety climate which can show if and how the safety climate has 
changed.  Following this study, changes can be implemented in a variety of places at various levels.  
For example, posters around the restrooms and laboratory are a passive reminder of laboratory 
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safety while a re-configuration of safety training programs would be a major implementation of 
recommendations that may see more positive results. 
While this work focused on open-source radiation laboratories, there is no reason these 
techniques are limited to such workspaces.  Any laboratory with safety concerns can and should 
perform safety climate surveys and evaluate how well safety policies are followed by laboratory 
researchers.  On the same note, this study’s methodology should not be limited to institutions of 
higher education.  Laboratories exist at medical centers, national laboratories and even on-site 
work locations.  Safety climate survey potential exists in a wide variety of locations and 
disciplines.  With a strong safety climate, researchers can be effective and efficient with their 
research and have less accidents and injuries.  
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APPENDIX A 
 
PRIMING STUDY 
 
 
A priming study is a pilot research exercise on a small group aimed to explore ideas and 
proposed hypotheses before expanding the research project to a larger population (Diaz and 
Cabrerra 1997).  The Clemson University EEES radioactive material users’ group was used as a 
priming study to prepare for a more widespread radiation safety climate study at Princeton 
University.  Data from the priming study was collected with review and approval from the Clemson 
University Institutional Review Board under protocol IRB2015-176.  
A.1 Introduction 
 The priming study was used as a starting point to explore different aspects of the 
hypotheses on a small scale before expanding the study to a larger, more significant population.  It 
was hypothesized that the safety climate in the radiochemistry laboratories at Clemson University 
may be improved with the following: (1) posting of pop-cultural referenced safety memes around 
laboratories, and (2) posting of a safety newsletter near laboratories.  This study investigated both 
of these using surveys and behavioral observations to identify areas of the safety climate that were 
weaker than others and require improvement.  After an assessment of the safety climate, selected 
recommendations for improvement were implemented, and researchers were re-surveyed to see if 
the climate had changed. 
A.2 Methods 
A.2.1 Subjects 
Researchers from Clemson University’s Department of Environmental Engineering and 
Earth Sciences (EEES) conducting research in the radioactive materials laboratories were the 
targeted participants in the priming study.  Undergraduate and graduate students, faculty, post-
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doctorate fellows, and collaborators were unknowingly and anonymously observed working in the 
radiochemistry laboratories. 
A.2.2 Procedures 
The hypotheses were tested by fielding surveys and conducting concurrent observations.  
A risk assessment was constructed and analyzed with respect to observed behaviors.  Selected 
recommendations based on time and likelihood for success for an improved safety climate were 
applied before the study was repeated.  Full surveys are listed in Appendix B. 
A.2.2.1  Preliminary Surveys and Observations 
Observations of researchers working in the lab indicate whether researchers wore their PPE 
appropriately and consistently and played a part in indicating whether researchers recognize their 
own safety climate strengths and weaknesses through awareness of practicing safe science. 
Figure A.1 illustrates a template for the observation worksheet. 
Date:  Time:     
Subject 
PPE Comments and 
Observations Lab coat Safety glasses Gloves Dosimeter Other 
A             
B             
C             
D             
       
Room Comments and observations 
          
          
              
       
Figure A.1: Clemson University observation worksheet 
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Survey results may indicate whether researchers were provided with appropriate and 
effective training, had the appropriate safety equipment available to them, communicated safety 
concerns to the appropriate entities, had positive core beliefs about safety, recognized their own 
safety climate accurately, and authority figures practice, communicate, and promote safety. 
The various elements of safety climate, represented in Fig. 2.1, were incorporated into the 
survey questions to gain an overall understanding of the climate as well as to identify any potential 
problem areas.  To ensure an authentic survey response, a quality assurance question was included 
at the end of the survey instructing the researcher to indicate response 3, a ranking of neutral.  
Anyone indicating anything other than 3 for this question was eliminated from analysis as it was 
evident they were not actively reading the questions.  Therefore their responses to the rest of the 
survey are invalidated. 
For IRB exempt approval, members fielding the study had to complete the Human Subjects 
Protections Course online for Investigators Conducting Social and Behavioral Science Research 
(SBR).  The documents submitted to Clemson University’s IRB were: 
1. Consent scripts 
a. Verbal, email, and survey introduction consent scripts 
2. Additional research team members 
a. Including Dr. Devol, Konstantin Povod, and Dr. Sinclair 
3. Observation worksheet 
4. Exempt application 
5. Exempt information letter 
6. Radiation safety survey questions with consent script 
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After approval, safety climate surveys were fielded to those working in radiochemistry 
laboratories.  A link to complete the survey electronically was provided to students, faculty, and 
staff working in the radiochemistry laboratories through the Clemson University branch of the 
Health Physics Society (CUHPS) email group.  Only members of CUHPS working in an active 
radiochemistry laboratory were asked to complete the survey.  Hard copies of the survey were 
made available at bi-weekly CUHPS meetings and lab group meetings for participants to complete 
as an alternative to the web form.  Concurrently, anonymous random behavioral observations of 
the researchers working in the radiochemistry laboratories were conducted.  Objective 
observations were made regularly and periodically to evaluate behavior relating to safe practices, 
such as use of appropriate PPE, housekeeping and organization of bench tops and hoods, use of 
dosimetry, etc. 
A.2.2.2 Implementation of Recommendations 
 A table of potential deficiencies, root causes, and recommendations table was generated 
based on preliminary survey responses.  Responses that received less than the most favorable 
answer of strongly agree were included in the table as a potential deficiency in the safety climate.  
Possible root causes for the identified potential deficiencies and various strategies were examined 
to rectify the potential deficiencies.  Following root cause identification, mitigation strategies we 
analyzed. 
 Selection of which strategy to recommend for implementation took into consideration the 
likelihood of success that the recommendation would be accepted by the differing groups of 
researchers within the department.  Specifically, recommendations needed approval of the safety 
office and the impacted EEES faculty before implementation.  Implementation of 
recommendations took place approximately three years after preliminary surveys were fielded.  
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Mitigation techniques and recommendations for improvement were implemented to researchers in 
the radiochemistry laboratories with the approval of the appropriate safety officer for those 
laboratories.  Specifically, a safety newsletter, The Porcelain Chronicles, shown in Figure A.2, 
was created and posted in the restrooms around the radiochemistry laboratories. 
 
Figure A.2: The Porcelain Chronicles at Clemson University 
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The Porcelain Chronicles focused on promoting areas of the safety climate that were 
observed to be deficient.  Volume 1, Issue 1: “How does your Lab Attire Measure Up?” displayed 
a photo indicating the minimum attire required to work in a radiochemistry laboratory including 
closed-toe shoes, long pants, lab coat, disposable gloves, dosimeter, long hair pulled back, and 
safety glasses.  Contact information for the safety officer and the Principal Investigator faculty 
member on this research project was included at the bottom for more information.  Additionally, 
safety postings in the form of internet memes, shown in Figure A.3, were provided to faculty 
members after approval from the safety officer to display in their laboratory spaces. 
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Figure A.3: Laboratory safety memes at Clemson University 
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These postings were created to appeal to the younger generation and raise awareness of safety 
issues.  For instance, famous individuals including television and movie stars were displayed in 
these postings reviewing safety rules, wearing PPE, and discussing the negative effects of 
overlooking safety in the laboratory.  A posting was also created of a female scientist doll 
indicating specific aspects of her lab attire and identifying them as good or bad for working in the 
radiochemistry laboratories. 
Unattended research contact cards, illustrated in Figure A.4, were also sent to faculty members 
after approval from the safety officer to instruct their researchers to begin using. 
Figure A.4: Unattended research contact card 
These contact cards were intended to be used when researchers would have an experiment 
running in the laboratory unsupervised.  Researchers were instructed to fill out their contact 
information, their supervising faculty member’s information, the materials being used, the hazards 
associated with the unattended experiment, and the expected state the experiment while 
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unsupervised.  In the event of an emergency, contact information was available and lab members 
were aware of the immediate hazards. 
A.2.2.3 Post-Intervention Surveys 
The post-intervention survey was identical to the preliminary survey with the addition of 
three questions concerning the effectiveness of the implemented recommendations.  Surveys were 
fielded approximately one month after implementing mitigation techniques.  Since 
recommendations were implemented with a long amount of time from when the preliminary 
surveys were fielded, the population set had changed dramatically (e.g., students graduating and 
new students enrolling) meaning the same researchers were unlikely to participate in both surveys. 
Post-intervention surveys were fielded to those working in radiochemistry laboratories in the 
same fashion as the preliminary surveys.  A link to complete the survey electronically was provided 
to students, faculty, and staff working in the radiochemistry laboratories through the CUHPS email 
group.  Only members of CUHPS working in an active radiochemistry laboratory were asked to 
complete the survey.  Due to the unavailability and inaccessibility of this research project staff, 
concurrent behavioral observations were not performed. 
A.2.3 Statistical Analyses 
A.2.3.1 Preliminary Data Analysis 
Linear correlations of the relationship between the responses to survey questions were 
analyzed with a Pearson correlation coefficient.  The Pearson correlation coefficient measures the 
strength of the linear relationship between two variables.  Correlation coefficients were used to 
determine if and how well safety climate indicator categories were correlated to provide additional 
insight for interpreting the study results. For example, when developing interventions for the 
indicator(s) in need of improvement, considering how and why other indicators are correlated may 
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make the intervention more effective.  Coefficients closer to -1 and 1 indicate a correlation between 
the variables and coefficients closer to 0 indicate no correlation between the two variables.  A 
coefficient of 1 indicates a total positive linear correlation while a coefficient of -1 indicates a total 
negative linear correlation.  Utilizing a conservative rule of thumb, correlation coefficient values 
less than 0.5 do not indicate a significant relationship (Fink 2003).  Correlation coefficients 
between 0.5 and 0.75 indicate a moderate to good linear relationship while correlation coefficients 
between 0.75 and 1 indicate a very good to excellent linear relationship (Fink 2003).  The Pearson 
correlation coefficients were used to analyze the relationship between the average responses to 
different questions.  For instance, the calculated Pearson correlation coefficient for the average 
response to questions a1 (I know where I can find safety material regarding specific equipment or 
chemicals in the laboratory should I need it.) and d3 (I wear a lab coat and gloves while conducting 
research in the laboratory.) for the Clemson University post-intervention responses was 0.873.  A 
correlation coefficient of this magnitude indicates a good linear relationship meaning that 
participants’ responses to a1 have a strong relationship to those of d3.  A more positive response 
to a1 should therefore align with a more positive result to d3 and vice versa.  As the response to 
a1 increases, the response to d3 is expected to similarly increase via a firm linear rule.  Highly 
correlated responses indicate a subject area where one factor can be intentionally changed and both 
things will be affected by that change.  For instance, if a dedicated attempt was made to educate 
all individuals about the locations of certain safety materials for equipment or chemicals in their 
laboratories was made the expectation would be to observe more researchers wearing their lab 
coats and safety glasses while conducting research. 
A statistical analysis software, Minitab (Minitab18, State College, PA, U.S.), was used to 
calculate Pearson correlation coefficients, two-sample t-test values, and degrees of freedom values. 
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A.3.1.1 Risk Matrices 
 Risk matrices were completed with respect to the observed hazards.  Each hazard was 
identified and assigned a risk topic of either lab attire or lab practices.  There are four types of 
risk to the University that were considered: (1) compliance, (2) operational, (3) reputational, and 
(4) financial.  The impact on the University for each hazard was ranked for each risk topic: high 
(catastrophic), high-moderate (major), moderate (moderate), moderate-low (minor), or low 
(insignificant).  The likelihood of each hazard to occur was similarly ranked: high (highly likely 
or 80-100% occurrence), high-moderate (likely or 60-80% occurrence), moderate (possible or 40-
60% occurrence), moderate-low (unlikely or 20-40% occurrence), or low (rare or 0-20% 
occurrence).  A risk matrix for the preliminary observations was generated for each risk type 
(compliance, operational, reputational, and financial) to identify the highest risk hazards observed.    
Identifying more hazards in higher risk categories in the risk matrix correlates to a weaker safety 
climate while more hazards in lower risk categories correlates to a stronger safety climate. 
A.2.3.2 Post-Intervention Data Analysis 
 Pearson correlation coefficients between post-intervention survey results were calculated 
using Minitab with probability, p-values, to indicate any linear correlations.  A two-sample t-test 
assuming equal variances was completed using Minitab to compare the preliminary survey results 
to the post-intervention survey results (de Winter 2013). 
 The null hypothesis was that the difference in the response means of a preliminary and 
post-intervention survey question is zero, and with the alternative hypothesis being that the 
difference in these means is different than zero. A two-tailed test was conducted as potential 
improvements and weakening of safety climate indicators were both considered. The confidence 
level was chosen to be 0.05: if the p-value resulting from the t-test is less than 0.05, we can reject 
 61 
the null hypothesis in favor of the alternative hypothesis and conclude that there is a significant 
difference between mean values. 
A.3 Results 
This study was expanded to analyze not just radiation safety but also laboratory and 
workplace safety.  At Clemson University, the study limitations included the small sample size 
and low response rate.  It was assumed that the subjects were not altering their behaviors because 
they were being monitored and that a variety of researchers were being observed as opposed to the 
same person being recorded. 
A.3.1 Preliminary Survey Results 
 With a sample size of 30, the survey response rate was 47% with a usable response rate of 
43% due to an incorrect response of the quality control question by one participant.  Survey results 
were compiled and responses to each question organized by selected response (from 1 to 5) and 
displayed on the graphs by percentage of each selected response to visualize the data as shown in 
Figure A.5. 
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0% 20% 40% 60% 80% 100%
I know where I can find safety material regarding
specific equipment or chemicals in the laboratory
should I need it.
I know how to use a meter to detect radiation and
contamination, including testing batteries and
checking calibration dates.
I am aware of the hazards associated with the
radiation or radioactive material that I am working
with.
I have had laboratory safety training at Clemson
University.
I have had radiation safety training at Clemson
University.
I have had safety training at a location other than
Clemson University.
I am confident that the training provided enables me
to work safely in the laboratory.
My PI provides me with additional hands-on
training that I need to feel safe while conducting
experiments.
I believe it is important to wear safety glasses in the
laboratory.
I believe workplace health and safety is an
important issue.
I am aware of the hazards associated with the
radiation or radioactive material that I am working
with.
I believe it is important to participate in making
decisions regarding my personal safety.
I wear safety glasses while conducting research in
the laboratory.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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Figure A.5: Clemson University preliminary survey results 
0% 20% 40% 60% 80% 100%
I have to take short-cuts with regard to safety in
order to complete the work expected of me.
I wear a lab coat and gloves while conducting
research in the laboratory.
I conduct personal surveys every time I leave the
radiochemistry laboratories.
Personal radiation exposures are an inevitable
part of my research.
I work with multiple groups or people who have
different standards for conducting research.
My PI values my personal safety while
conducting research.
Research safety is of high concern among my
peers.
There is appropriate and sufficient PPE available
for my use in the lab.
My lab is orderly and maintained in a way that I
can easily and safely conduct my research.
There is sufficient opportunity to discuss and
address safety issues in meetings.
I feel comfortable communicating safety issues to
other group members as well as to my PI.
There is sufficient opportunity to discuss and
address safety issues in meetings.
I believe that promoting safety in the workplace
is important.
I am enthusiastic about my job and proud of the
work I do.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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Responses to inverted safety climate questions (stronger climate responses are aimed 
toward 1, strongly disagree, instead of 5, strongly agree) were reversed in the data analysis.  This 
was so responses would align with each other better compare using the same scale of 5 being the 
best safety climate response and 1 being the worst safety climate response.  For instance a response 
of “2” was changed to a “4” for these specific questions in the data analysis.  The specific questions 
were I have to take short-cuts with regard to safety in order to complete the work expected of me, 
Personal radiation exposures are an inevitable part of my research, and I work with multiple 
groups or people who have different standards for conducting research. 
Data visualization helped determine potential deficiencies in safety climate.  The mean 
response and standard deviation were calculated for each question.  Figure A.6 illustrates responses 
to survey questions from three categories: personnel training, safety compliance, and safety 
communication. 
 
Figure A.6: Results to compliance safety questions fielded to radiochemistry laboratory users 
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Specifically, these survey results include wearing safety glasses in the laboratory (Fig. A.6 
(a)), wearing a lab coat and gloves (Fig. A.6 (b)), level of confidence in success of training (Fig. 
A.6 (c)), and opportunity to discuss safety issues (Fig. A.6 (d)).  Survey results indicate self-
reported consistent use of PPE including 69% of participants responding strongly agree to the 
question I wear a lab coat and gloves while conducting research in the laboratory. 
A.3.1.1 Correlation Coefficients 
Table A.1 lists the linearly correlated preliminary survey responses with at least 95% 
confidence. 
Table A.1. Clemson University significant preliminary correlation coefficients 
Question 1 Question 2 r 
a1 b2 0.864 
c1 d3 0.852 
d2 d4 -0.824 
f1 h1 0.776 
f1 h2 0.765 
f1 j2 0.882 
g1 h1 0.873 
g1 h2 0.798 
g2 h2 0.788 
h1 h2 0.876 
 
For the preliminary survey results, there were ten sets of Pearson correlation coefficients 
identified with values greater than 0.75 indicating an excellent level of correlation.  The large 
number of correlations is likely due to the small sample size.  The full set of calculated correlation 
coefficients for the post-intervention data can be found in Appendix I. 
The highest linear correlation, r = 0.882, was found between f1 (My PI values my personal 
safety while conducting research.) and j2 (I am enthusiastic about my job and proud of the work I 
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do.).  Likewise, if researchers felt like their safety was valued by their supervisor, they were more 
likely to enjoy their job and be enthusiastic about their work. 
The second highest linear correlation, r = 0.876, was found between h1 (There is sufficient 
opportunity to discuss and address safety issues in meetings.) and h2 (I feel comfortable 
communicating safety issues to other group members as well as to my PI.).  Similarly, both 
questions were from the same safety climate category, Safety Communication, and if researchers 
felt like they were given sufficient opportunity to discuss safety issues that they felt empowered to 
do so. 
A.3.2 Preliminary Observation Results 
During the course of this study, behavioral observations of 36 personnel with at least four 
PPE observations each (gloves, lab coat, safety glasses, and dosimetry) were taken of researchers 
performing experiments in radiochemistry laboratories.  There were 14 additional observations 
recorded including other attire or lab practices.  Figs. A.7 and A.8 highlight example unsatisfactory 
behaviors observed during lab safety evaluations. 
 
Figure A.7: Re-enactment of a recurring safety observation demonstrating laboratory PPE habits 
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Figure A.8: An overflowing radioactive contact waste receptacle 
Specifically, these observations included a researcher actively working in the laboratory 
with no lab coat and improperly wearing safety glasses (the re-enactment depicted in Fig. A.7 had 
no chemicals present) and an overfilled dry-active waste bin (Fig. A.8).  Figs. A.9(a-d) show the 
results of safety observations in the radiochemistry laboratories with respect to PPE usage. 
 
Figure A.9: Safety observation results with respect to PPE usage 
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These observation results include presence or lack of wearing a lab coat (Fig. A9(a)), a re-
enactment example photo of a student wearing their safety glasses on top of their head while doing 
laboratory work (Fig. A.9(b)), wearing gloves or lack of gloves while performing experiments 
(Fig. A.9(c)), and presence or lack of wearing safety glasses (Fig. A.9(d)). 
PPE is required in the radiochemistry laboratories when approaching a lab bench.  Most 
researchers indicated in the survey results that they wear a lab coat and gloves while conducting 
research the majority of the time.  However, researchers were observed wearing their lab coats and 
gloves in only half of all observations of researchers conducting experiments.  These results may 
have been more consistent if there was higher participation rate in the survey or if researchers were 
questioned about the individual use of a lab coat and gloves instead of joint use of the PPE as 
anyone working in the lab is required to wear a lab coat while the addition of gloves are only 
required to be worn to approach the bench. 
Individual PIs had different requirements for safety glasses, in that some PIs approved the 
use of regular prescription eye glasses in place of the ANSI Z87.1 rated safety glasses (ANSIZ87.1 
2003) which include side shields.  Regular prescription eye glasses do not provide the same 
projectile and splash guard protection that safety glasses provide.  The Occupational Safety and 
Health Administration (OSHA) requires employers to ensure that all employees that wear 
prescription glasses be fit for prescription ANSI Z87.1 rated safety glasses or ANSI Z87.1 rated 
over the glasses safety glasses (29 CFR Part 1910.133 2016).  It is imperative that the glasses fit 
to an individual person or it may impede individual safety.  For instance, wearing a second set of 
glasses over a pair of prescription glasses may block vision or may become a hazard by being too 
large and cause the glasses to fall into the individual’s experiment while looking down.  Individual 
departments at Clemson University provide prescription safety glasses, however researchers do 
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not always take advantage of this service.  Providing safety glasses for researchers needing vision 
correction as well as periodically replacing scratched and cloudy safety glasses may encourage a 
more positive safety climate by reducing risk of incident or injury and alleviate discrepancies 
among varying PPE requirements. 
A.3.3 Recommendation Table 
Survey and observation results provided insight into potential deficiencies in the safety 
climate and ultimately the safety climate.  Table A.2 describes the possible deficiencies associated 
with each safety climate indicator, the suspected root causes of these deficiencies, and 
recommendations for improvement resulting from all survey questions that did not receive a 5 
indicating strongly agree. 
Table A.2: Potential deficiencies, suspected root causes, and recommendations for safety climate 
improvement at Clemson University 
Safety climate 
indicators 
Potential deficiency Suspected root 
cause 
Recommendation for 
improvement 
Safety 
knowledge 
Safety material 
location unknown 
Lack of 
communication, 
inspections, or 
accountability 
Spot checks by 
management; Restroom 
safety newsletter 
Personnel 
training 
Training does not 
provide confidence 
for working safely 
Training does not 
prepare for an 
accident and is 
only required 
once a year 
Live accident “drills” by 
management once a 
semester and refresher 
training held each 
semester 
Safety 
practices 
Labs with multiple 
safety standards 
Each lab group 
has a different 
safety climate; 
Clemson 
University does 
not have clearly 
defined rules 
For consistency across 
different lab groups, Pre-
briefings containing 
radionuclide-specific 
safety information should  
be reviewed and signed by 
researchers for each 
radioisotope being used 
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The suspected root cause for each identified potential deficiency was determined based on 
behavior observations and survey results.  After successful implementation of these 
recommendations, a stronger safety climate was expected to be found.  Some recommendations 
included posting creative safety signage to catch the attention of researchers, additional training 
for preparation of an accident, and promoting or encouraging effective communication about 
Safety 
equipment 
Unorganized lab Lack of PI 
support for good 
housekeeping 
practices; 
numerous users 
result in lack of 
ownership 
PIs recommend twice a 
semester lab cleanout after 
group meetings; Posting 
Safe Operating Cards will 
be required for all 
experiments running 
unattended 
Appropriate and 
sufficient PPE is 
not available 
Communication 
between students 
and PIs is lacking 
PIs ask students in safety 
portion of group lab 
meetings about PPE 
problems 
Safety 
communication 
Not comfortable 
communicating 
safety issues 
Fear of reprisal or 
negative peer-
perception 
PIs ask students in 
individual meetings of 
safety concerns; safety 
comment box 
Safety 
compliance 
Does not wear 
appropriate PPE 
Lack of 
accountability or 
emphasis on 
importance 
PIs set example; hands on 
trainings to demonstrate 
the value of PPE; Rotating 
PPE and lab safety posters 
Have to take short-
cuts in regard to 
safety 
Lack of a variety 
of safety 
techniques to fit 
specific tasks 
Talk with laboratory 
manager about efficiency 
with regards to safety 
Manager 
values 
Research safety is 
not of high concern 
to their peers 
Poor safety 
climate 
Case study presentation to 
demonstrate importance of 
safety 
Safety 
participation 
Does not help peers 
working in 
hazardous 
situations 
Poor attitudes and 
“tunnel vision” 
while working in 
lab 
PIs will be encouraged to 
adopt rotating safety 
moment topic 
presentations at group lab 
meetings prepared and 
presented by researchers 
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safety-related concerns between faculty and students.  Any number of these recommendations may 
be able to influence researchers to develop a stronger safety climate. 
A.3.4 Risk Matrices 
 Each observation was evaluated based on the likelihood of an event occurring and the 
impact of severity for each of four risk categories: compliance, operational, reputational, and 
financial.  Figure A.10 displays these risk matrices and identifies the observations that have the 
highest risk to the University.
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Figure A.10: Clemson University risk matrices 
 
 The highest risk hazard based on the risk assessment includes lack of radiation monitoring 
dosimeter usage.  While unlikely a health hazard, this can result in fines for the University and/or 
cancellation of the radioisotope authorization by the regulating state. The moderate-high risk 
hazards were a mix of lab attire and practice violations.  A focus area for intervention should be 
lab attire related as those had the highest values on the risk matrices. 
Four hazards made it into the high risk (red) category of the risk matrices and include (1) 
lack of lab coat, (2) lack of safety glasses, (3) lack of dosimetry, and (4) storing dosimetry on lab 
coats. 
In terms of compliance risk, 39% (7/18) were considered high/high-moderate risk 
including (1) lack of lab coat, (2) lack of safety glasses, (3) wearing normal prescription glasses as 
safety glasses, (4) lack of dosimeter, (5) lack of gloves, (6) storing dosimetry on lab coats, and (7) 
radioactive waste containing regular trash.  These seven hazards represent risk to the University in 
the event of an inspection by the South Carolina Department of Health and Environmental Control 
(DHEC).  The DHEC is the governing agency for radioactive materials in the state of South 
Carolina and these high-risk hazards represent events that may result in a fine and a non-
compliance from the DHEC. 
In terms of operational risk, 44% (7/18) were considered high/high-moderate risk including 
(1) lack of lab coat, (2) lack of safety glasses, (3) lack of dosimeter, (4) lack of gloves, (5) safety 
glasses on top of head not over eyes, (6) cluttered work bench, and (7) storing dosimetry on lab 
coats.  These seven hazards represent risk to the University that may stop laboratory operations.  
This may include the DHEC shutting down the University’s radioactive materials license for non-
compliance events or an accident of injury may occur as a result of one of the hazards that may 
lose work days affecting the operation of the laboratory. 
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In terms of reputational risk, 35% (8/18) were considered high/high-moderate risk 
including (1) lack of lab coat, (2) lack of safety glasses, (3) wearing normal prescription glasses as 
safety glasses, (4) lack of dosimeter, (5) lack of gloves, (6) cluttered work bench, (7) storing 
dosimetry on lab coats, and (8) radioactive waste containing regular trash.  These eight hazards 
represent risk to the University reputation that may lose students or grants.  This may include the 
DHEC shutting down the University’s radioactive materials license for non-compliance events 
that result in loss of grant funding or students from enrolling. 
In terms of financial risk, 28% (5/18) were considered high-moderate risk including (1) 
lack of lab coat, (2) lack of safety glasses, (3) lack of dosimeter, (4) lack of gloves and (5) storing 
dosimetry on lab coats.  These three hazards represent financial risk to the University including 
fines from the DHEC for non-compliance events. 
A.3.5 Post-Intervention Survey Analysis 
 The post-intervention surveys were fielded to Clemson University researchers almost three 
years after the initial preliminary surveys were completed.  As a result, there was a high chance 
many of the participants were not from the same group initially surveyed.  Identically to the 
preliminary results, responses to inverted safety climate questions were reversed in the data 
analysis to better compare the data.  The sample size was 32 with a response rate of 25%.  Figure 
A.11 illustrates the post-intervention survey results. 
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0% 20% 40% 60% 80% 100%
I know where I can find safety material regarding
specific equipment or chemicals in the laboratory
should I need it.
I know how to use a meter to detect radiation and
contamination, including testing batteries and
checking calibration dates.
I am aware of the hazards associated with the
radiation or radioactive material that I am
working with.
I have had laboratory safety training at Princeton
University.
I have had radiation safety training at Princeton
University.
I have had safety training at a location other than
Princeton University.
I am confident that the training provided enables
me to work safely in the laboratory.
My PI provides me with additional hands-on
training that I need to feel safe while conducting
experiments.
I believe it is important to wear safety glasses in
the laboratory.
I believe workplace health and safety is an
important issue.
I believe it is important to participate in making
decisions regarding my personal safety.
I wear safety glasses while conducting research in
the laboratory.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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0% 10%20%30%40%50%60%70%80%90%100%
I have to take short-cuts with regard to safety in
order to complete the work expected of me.
I wear a lab coat and gloves while conducting
research in the laboratory.
I conduct personal surveys every time I leave the
radiochemistry laboratories.
Personal radiation exposures are an inevitable
part of my research.
I work with multiple groups or people who have
different standards for conducting research.
My PI values my personal safety while
conducting research.
Research safety is of high concern among my
peers.
There is appropriate and sufficient PPE available
for my use in the lab.
My lab is orderly and maintained in a way that I
can easily and safely conduct my research.
There is sufficient opportunity to discuss and
address safety issues in meetings.
I feel comfortable communicating safety issues
to other group members as well as to my PI.
I help my coworkers when they are working
under risky or hazardous conditions.
There is appropriate and sufficient PPE available
for my use in the lab.
My lab is orderly and maintained in a way that I
can easily and safely conduct my research.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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Figure A.11: Clemson University post-intervention survey results 
 Responses to each survey question were graphed by safety climate category including both 
the preliminary results and post-intervention results.  Figs. A.12 through A.21 illustrate the results 
from the safety knowledge, personnel training, compliance motivation, safety compliance, safety 
practices, manager values, safety equipment, safety communication, safety participation, and 
participation motivation categories. 
 
Figure A.12: Clemson University survey response to safety knowledge questions 
 
 
4.00
4.75
4.88
4.00
4.62
4.62
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I know where I can find safety material regarding specific
equipment or chemicals in the laboratory should I need
it.
I know how to use a meter to detect radiation and
contamination, including testing batteries and checking
calibration dates.
I am aware of the hazards associated with the radiation
or radioactive material that I am working with.
Preliminary Post-Intervention
0% 10%20%30%40%50%60%70%80%90%100%
I noticed new safety-related signage in and
around my laboratory.
I think the new safety signage was effective at
encouraging laboratory safety.
The new safety signage changed my laboratory
safety practices.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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Figure A.13: Clemson University survey response to personnel training questions 
 
 
Figure A.14: Clemson University survey response to compliance motivation questions 
 
 
Figure A.15: Clemson University survey response to safety compliance questions 
 
4.63
4.88
4.63
4.25
3.88
4.31
4.62
3.31
3.92
3.58
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I have had laboratory safety training at Clemson
University.
I have had radiation safety training at Clemson
University.
I have had safety training at a location other than
Clemson University.
I am confident that the training provided enables me to
work safely in the laboratory.
My PI provides me with additional hands-on training that
I need to feel safe while conducting experiments.
Preliminary Post-Intervention
4.88
5.00
5.00
4.85
4.85
4.62
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I believe it is important to wear safety glasses in the
laboratory.
I believe workplace health and safety is an important
issue.
I believe it is important to participate in making decisions
regarding my personal safety.
Preliminary Post-Intervention
4.88
4.50
4.88
4.38
4.46
4.38
4.38
4.92
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I wear safety glasses while conducting research in the
laboratory.
I do not have to take short-cuts with regard to safety in
order to complete the work expected of me.
I wear a lab coat and gloves while conducting research in
the laboratory.
I conduct personal surveys every time I leave the
radiochemistry laboratories.
Preliminary Post-Intervention
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Figure A.16: Clemson University survey response to safety practices questions 
 
 
Figure A.17: Clemson University survey response to manager values questions 
 
 
Figure A.18: Clemson University survey response to safety equipment questions 
 
 
Figure A.19: Clemson University survey response to safety communication questions 
 
 
 
2.63
2.25
2.54
2.23
0.00 1.00 2.00 3.00 4.00 5.00
Personal radiation exposures are not an inevitable part of
my research.
I do not work with multiple groups or people who have
different standards for conducting research.
Preliminary Post-Intervention
4.63
3.13
4.77
3.69
0.00 1.00 2.00 3.00 4.00 5.00 6.00
My PI values my personal safety while conducting
research.
Research safety is of high concern among my peers.
Preliminary Post-Intervention
4.75
3.63
4.23
3.62
0.00 1.00 2.00 3.00 4.00 5.00 6.00
There is appropriate and sufficient PPE available for my
use in the lab.
My lab is orderly and maintained in a way that I can
easily and safely conduct my research.
Preliminary Post-Intervention
4.38
4.63
3.92
4.23
0.00 1.00 2.00 3.00 4.00 5.00 6.00
There is sufficient opportunity to discuss and address
safety issues in meetings.
I feel comfortable communicating safety issues to other
group members as well as to my PI.
Preliminary Post-Intervention
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Figure A.20: Clemson University survey response to safety participation question 
 
 
Figure A.21: Clemson University survey response to participation motivation questions 
Figure A.22 illustrates the mean survey responses for each category of questions comparing 
the preliminary responses to the post-intervention responses with the associated uncertainties. 
 
Figure A.22: Mean survey responses for Clemson University by category 
4.63
3.62
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I help my coworkers when they are working under risky
or hazardous conditions.
Preliminary Post-Intervention
5.00
4.00
4.85
4.69
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I believe that promoting safety in the workplace is
important.
I am enthusiastic about my job and proud of the work I
do.
Preliminary Post-Intervention
4.45
4.96
3.88
4.51
4.50
4.54
4.19
2.44
4.66
4.63
3.95
4.77
4.23
4.08
4.77
4.41
3.93
2.39
4.54
3.62
0.00 1.00 2.00 3.00 4.00 5.00 6.00
Personnel training
Compliance motivation
Manager values
Safety communication
Participation motivation
Safety knowledge
Safety equipment
Safety practices
Safety compliance
Safety participation
Preliminary Post-Intervention
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Safety practices was the lowest scoring category indicating an area that could be most 
improved.  Although not everything was statistically significant, almost every category increased 
in positivity of response except participation motivation decreased.  The highest jump from 
preliminary survey to post-intervention survey was safety participation.  Due to the lapse of time 
between surveys, there could be many institutional factors that caused this change including 
increased communication with the safety office and implementation of new safety initiatives by 
the safety office. 
In the future, The Porcelain Chronicles and rotating laboratory safety meme postings 
should continue for an expected continuous increase in survey results.  Safety practices may be 
focused on with additional training and more efficient PPE to encourage researchers to wear the 
appropriate laboratory attire. 
The highest scoring categories for the preliminary results include participation motivation 
and compliance motivation while the highest scoring categories for the post results include safety 
compliance and compliance motivation.  The change may be from the different population of 
researchers being surveyed. 
The results of the two-sample t-test comparing the preliminary survey responses with the 
post-intervention responses is illustrated in Table A.3. 
Table A.3 Clemson University t-test results 
Question T-value P-value 
a1 -0.6 0.556 
a2 0.61 0.549 
a3 1.03 0.315 
b1 1.36 0.190 
b2 0.63 0.536 
b3 1.76 0.094 
b4 0.64 0.529 
b5 0.58 0.569 
c1 0.17 0.863 
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d1 1.98 0.062 
d2 -0.31 0.760 
d3 1.12 0.276 
d4 -2.04 0.056 
e1 -0.13 0.897 
e2 -0.03 0.978 
f1 -0.56 0.580 
f2 -1.24 0.229 
g1 1.36 0.191 
g2 0.02 0.985 
h1 0.78 0.446 
h2 0.9 0.381 
i1 2.38 0.028 
j2 -2.05 0.055 
 
The t-test indicates that the only definitive significant difference in response was for 
question i1.  Question i1 is from the safety participation category asking researchers if they help 
their coworkers when working under risky or hazardous conditions. 
Table A.4 lists the linearly correlated post-intervention survey responses with at least 95% 
confidence. 
Table A.4. Clemson University significant post-intervention correlation coefficients 
Question 1 Question 2 r 
a1 b1 0.873 
a1 b2 0.873 
a1 b4 0.778 
a1 b5 0.822 
a1 d3 0.873 
a2 d4 0.926 
a3 d2 -0.802 
b1 b4 0.946 
b2 b4 0.946 
b3 d2 -0.802 
b5 d3 0.946 
c1 d2 -0.802 
d1 d2 -0.802 
d1 j2 -0.707 
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d4 g1 0.926 
e2 f2 -0.848 
f1 g2 0.882 
f1 h1 0.806 
f1 l1 0.889 
f1 l2 0.828 
g2 h1 0.747 
g2 h2 0.788 
g2 l1 0.808 
g2 l2 0.808 
h1 h2 0.788 
h1 l1 0.889 
h1 l2 0.788 
h2 l1 0.913 
h2 l2 0.726 
l1 l2 0.875 
 
For the post-intervention survey results, there were 30  sets of Pearson correlation 
coefficients identified with values greater than 0.75 indicating an excellent level of correlation.  
The full set of calculated correlation coefficients for the post-intervention data can be found in 
Appendix I.  Overall, the mean survey response tends to become more positive over time after 
implementing recommendations for improvement. 
There were three sets of correlation coefficients having the highest value, r = 0.946.  Both 
Questions b1 (I have had laboratory safety training and Clemson University.) and b2 (I have had 
radiation safety training at Clemson University.) have a Pearson correlation coefficient of 0.946 
with Question b4 (I am confident that the training provided enables me to work safety in the 
laboratory.)  In fact, this is a testament to the safety department that researchers who took 
laboratory safety training or radiation safety training felt like the training was sufficient and 
complete to enable them to work safely in the laboratory. 
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 Questions b5 (My PI provides me with additional hands-on training that I need to feel safe 
while conducting experiments.) and d3 (I wear a lab coat and gloves while conducting research in 
the laboratory.) was another set of questions with a correlation coefficient of 0.946.  Similarly, if 
researchers were trained using hands-on techniques by their supervisor, then they felt like they 
wore their PPE maybe because they were trained to do so by their supervisor. 
A.4 Conclusion 
 Based on the risk assessment and mean survey responses, the safely climate at Clemson 
University appears to have areas of weakness.  The implementation of recommendations may have 
changed the climate as responses to post-intervention survey questions appeared to become 
slightly more positive than the preliminary survey responses.  Alternatively, it is possible that the 
safety education program underwent improvement in the time between the preliminary and post-
intervention studies that helped to improve the safety climate. 
Similar surveys should be fielded for a broader study as they appeared to fully encompass 
safety climate.  However, the best survey response was when given paper survey for participants 
to fill out on the spot. 
 Recommendations should be implemented soon after the preliminary surveys, and ideally 
the same group of researchers would be re-surveyed for the post-intervention survey for more 
accurate response results.  Since lab attire hazards tended to have a higher risk, focus on safety 
attire for future studies may have a larger effect on altering the safety climate. 
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Appendix B 
Safety Climate Surveys 
Preliminary Radiation Safety Climate Survey at Clemson University 
My name is Caitlin Root and I am a Clemson University graduate conducting a survey to assess 
the safety climate associated with use of open source radioactive material in a university setting.  
As a radiation user, you have been identified as a potential participant in this study. 
Responses to the below survey will support the development of strategies to be used in the 
improvement of the working environment of those working with radioactive material.  We will 
also be comparing safety climate between universities to use in the improvement of the radiation 
safety program at two institutions.  Your participation in the survey is completely volutary.   
If you choose to participate, please respond with how much you agree or disagree with the 
following list of statements. Your responses are anonymous and you have the option to skip any 
question or to stop the survey at any time. The survey should take you about 5-10 minutes to 
complete.  I really appreciate your input! 
If you have any questions about the survey, please email me: croot@g.clemson.edu 
 
Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I have had laboratory safety training at 
Clemson University. (b1)      
I know where I can find safety material 
regarding specific equipment or chemicals in 
the laboratory should I need it. (a1) 
     
I believe it is important to wear safety glasses 
in the laboratory. (c1)      
I wear safety glasses while conducting 
research in the laboratory. (d1)      
Personal radiation exposures are an inevitable 
part of my research. (e1)      
My PI values my personal safety while 
conducting research. (f1)      
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Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
There is appropriate and sufficient PPE 
available for my use in the lab. (g1)      
There is sufficient opportunity to discuss and 
address safety issues in meetings. (h1)      
I help my coworkers when they are working 
under risky or hazardous conditions. (i1)      
I believe that promoting safety in the 
workplace is important. (j1)      
I have had radiation safety training at Clemson 
University. (b2)      
I know how to use a meter to detect radiation 
and contamination, including testing batteries 
and checking calibration dates. (a2) 
     
I believe workplace health and safety is an 
important issue. (c2)      
I have to take short-cuts with regard to safety 
in order to complete the work expected of me. 
(d2) 
     
I work with multiple groups or people who 
have different standards for conducting 
research. (e2) 
     
Research safety is of high concern among my 
peers. (f2)      
My lab is orderly and maintained in a way that 
I can easily and safely conduct my research. 
(g2) 
     
I feel comfortable communicating safety 
issues to other group members as well as to 
my PI. (h2) 
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Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I am enthusiastic about my job and proud of 
the work I do. (j2)      
I have had safety training at a location other 
than Clemson University. (b3)      
I am aware of the hazards associated with the 
radiation or radioactive material that I am 
working with. (a3) 
     
I believe it is important to participate in 
making decisions regarding my personal 
safety. (c3) 
     
I wear a lab coat and gloves while conducting 
research in the laboratory. (d3)      
I am confident that the training provided 
enables me to work safely in the laboratory. 
(b4) 
         
I conduct personal surveys every time I leave 
the radiochemistry laboratories. (d4)      
My PI provides me with additional, hands-on 
training that I need to feel safe while 
conducting experiments. (b5) 
     
My current position at the university is: 
      
Undergra-
duate 
student 
      
Graduate 
student 
(master’s) 
     
Graduate 
student 
(doctoral) 
     
Post-
doctoral 
researcher 
      
Faculty/ 
staff 
For survey quality assurance, please select 
number 3, neutral.      
Comments: 
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Preliminary Radiation Safety Climate Survey at Princeton University 
My name is Caitlin Root and I am a Clemson University graduate student and Radiation Safety 
Specialist at Princeton University conducting a survey to assess the safety climate associated with 
use of open source radioactive material in a university setting.  As a radiation user, you have been 
identified as a potential participant in this study. 
Responses to the below survey will support the development of strategies to be used in the 
improvement of the working environment of those working with radioactive material.  We will 
also be comparing safety climate between universities to use in the improvement of the radiation 
safety program at both institutions.  Your participation in the survey is completely volutary.   
If you choose to participate, please respond with how much you agree or disagree with the 
following list of statements. Your responses are anonymous and you have the option to skip any 
question or to stop the survey at any time. The survey should take you about 5-10 minutes to 
complete.  I really appreciate your input! 
If you have any questions about the survey, please email me: croot@princeton.edu 
Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I have had laboratory safety training at 
Princeton University. (b1)      
I know where I can find safety material 
regarding specific equipment or chemicals 
in the laboratory should I need it. (a1) 
     
I believe it is important to wear safety 
glasses in the laboratory. (c1)      
I wear safety glasses while conducting 
research in the laboratory. (d1)      
Personal radiation exposures are an 
inevitable part of my research. (e1)      
My PI values my personal safety while 
conducting research. (f1)      
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Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
There is appropriate and sufficient PPE 
available for my use in the lab. (g1)      
There is sufficient opportunity to discuss 
and address safety issues in meetings. (h1)      
I help my coworkers when they are 
working under risky or hazardous 
conditions. (i1) 
     
I believe that promoting safety in the 
workplace is important. (j1)      
I have had radiation safety training at 
Princeton University. (b2)      
I know how to use a meter to detect 
radiation and contamination, including 
testing batteries and checking calibration 
dates. (a2) 
     
I believe workplace health and safety is an 
important issue. (c2)      
I have to take short-cuts with regard to 
safety in order to complete the work 
expected of me. (d2) 
     
I work with multiple groups or people who 
have different standards for conducting 
research. (e2) 
     
Research safety is of high concern among 
my peers. (f2)      
My lab is orderly and maintained in a way 
that I can easily and safely conduct my 
research. (g2) 
     
I feel comfortable communicating safety 
issues to other group members as well as 
to my PI. (h2) 
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Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I am enthusiastic about my job and proud 
of the work I do. (j2)      
I have had safety training at a location 
other than Princeton University. (b3)      
I am aware of the hazards associated with 
the radiation or radioactive material that I 
am working with. (a3) 
     
I believe it is important to participate in 
making decisions regarding my personal 
safety. (c3) 
     
I wear a lab coat and gloves while 
conducting research in the laboratory. 
(d3) 
     
I am confident that the training provided 
enables me to work safely in the 
laboratory. (b4) 
     
I conduct personal surveys every time I 
leave the radiation laboratories. (d4)      
My PI provides me with additional, hands-
on training that I need to feel safe while 
conducting experiments. (b5) 
     
My current position at the university is: Undergra-duate 
student 
Graduate 
student 
(master’s) 
Graduate 
student 
(doctoral) 
      
Post-
doctoral 
researcher 
  
Faculty/ 
staff 
For survey quality assurance, please select 
number 3, neutral.      
Comments: 
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Post-Intervention Radiation Safety Climate Survey at Clemson University 
My name is Caitlin Root and I am a Clemson University EEES graduate student and Radiation 
Safety Specialist at Princeton University conducting a survey to assess the safety climate 
associated with use of open source radioactive material in a university setting.  As a radiation user, 
you have been identified as a potential participant in this study. 
 
Responses to the survey below will support the development of strategies to be used in the 
improvement of the working environment of those working with radioactive material.  We will 
also be comparing safety climate between universities to use in the improvement of the radiation 
safety program at both institutions.  Your participation in the survey is completely voluntary. 
 
If you choose to participate, please respond with how much you agree or disagree with the 
following list of statements.  Your responses are anonymous and you have the option to skip any 
question or to stop the survey at any time.  The survey should take you about 5 - 10 minutes to 
complete.  Please write any comments on the back of the survey.  I really appreciate your input! 
 
If you have any questions about the survey, please email me: croot@g.clemson.edu. 
 
Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I have had laboratory safety training at 
Clemson University. (b1)      
I noticed new safety-related signage in and 
around my laboratory. (l1)      
I know where I can find safety material 
regarding specific equipment or chemicals in 
the laboratory should I need it. (a1) 
     
I believe it is important to wear safety 
glasses in the laboratory. (c1)      
I wear safety glasses while conducting 
research in the laboratory. (d1)      
Personal radiation exposures are an 
inevitable part of my research. (e1)      
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Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I think the new safety signage was effective 
at encouraging laboratory safety. (l2) 
     
My PI values my personal safety while 
conducting research. (f1)      
There is appropriate and sufficient PPE 
available for my use in the lab. (g1)      
There is sufficient opportunity to discuss and 
address safety issues in meetings. (h1)      
I help my coworkers when they are working 
under risky or hazardous conditions. (i1)      
I believe that promoting safety in the 
workplace is important. (j1)      
I have had radiation safety training at 
Clemson University. (b2)      
I know how to use a meter to detect 
radiation and contamination, including 
testing batteries and checking calibration 
dates. (a2) 
     
I believe workplace health and safety is an 
important issue. (c2)      
I have to take short-cuts with regard to 
safety in order to complete the work 
expected of me. (d2) 
     
I work with multiple groups or people who 
have different standards for conducting 
research. (e2) 
     
Research safety is of high concern among my 
peers. (f2)      
My lab is orderly and maintained in a way 
that I can easily and safely conduct my 
research. (g2) 
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Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I feel comfortable communicating safety 
issues to other group members as well as to 
my PI. (h2) 
     
The new safety signage changed my 
laboratory safety practices. (l3) 
     
I am enthusiastic about my job and proud of 
the work I do. (j2)      
I have had safety training at a location other 
than Clemson University. (b3)      
I am aware of the hazards associated with 
the radiation or radioactive material that I 
am working with.  (a3) 
     
I believe it is important to participate in 
making decisions regarding my personal 
safety. (c3) 
     
I wear a lab coat and gloves while 
conducting research in the laboratory. (d3)      
I am confident that the training provided 
enables me to work safely in the laboratory. 
(b4) 
     
I conduct personal surveys every time I 
leave the radiochemistry laboratories. (d4)      
My PI provides me with additional, hands-
on training that I need to feel safe while 
conducting experiments. (b5) 
     
My current position at the university is: Undergra-
duate 
student 
Graduate 
student 
(master’s) 
Graduate 
student 
(doctoral) 
 
Post-
doctoral 
researcher 
 
Faculty/ 
staff 
For survey quality assurance, please select 
number 3, neutral.      
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Post-Intervention Radiation Safety Climate Survey at Princeton University 
My name is Caitlin Root and I am a Clemson University graduate student and Radiation Safety 
Specialist at Princeton University conducting a survey to assess the safety climate associated with 
use of open source radioactive material in a university setting.  As a radiation user, you have been 
identified as a potential participant in this study. 
 
Responses to the survey below will support the development of strategies to be used in the 
improvement of the working environment of those working with radioactive material.  We will 
also be comparing safety climate between universities to use in the improvement of the radiation 
safety program at both institutions.  Your participation in the survey is completely voluntary. 
 
If you choose to participate, please respond with how much you agree or disagree with the 
following list of statements.  Your responses are anonymous and you have the option to skip any 
question or to stop the survey at any time.  The survey should take you about 5 - 10 minutes to 
complete.  Please write any comments on the back of the survey.  I really appreciate your input! 
 
If you have any questions about the survey, please email me: croot@princeton.edu. 
 
Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I have had laboratory safety training at 
Princeton University. (b1)      
I noticed new safety-related signage in and 
around my laboratory. (l1)      
I know where I can find safety material 
regarding specific equipment or chemicals in 
the laboratory should I need it. (a1) 
     
I believe it is important to wear safety glasses 
in the laboratory. (c1)      
I wear safety glasses while conducting 
research in the laboratory. (d1)      
Personal radiation exposures are an 
inevitable part of my research. (e1)      
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Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I think the new safety signage was effective 
at encouraging laboratory safety. (l2) 
     
My PI values my personal safety while 
conducting research. (f1)      
There is appropriate and sufficient PPE 
available for my use in the lab. (g1)      
There is sufficient opportunity to discuss and 
address safety issues in meetings. (h1)      
I help my coworkers when they are working 
under risky or hazardous conditions. (i1)      
I believe that promoting safety in the 
workplace is important. (j1)      
I have had radiation safety training at 
Princeton University. (b2)      
I know how to use a meter to detect 
radiation and contamination, including 
testing batteries and checking calibration 
dates. (a2) 
     
I believe workplace health and safety is an 
important issue. (c2)      
I have to take short-cuts with regard to safety 
in order to complete the work expected of 
me. (d2) 
     
I work with multiple groups or people who 
have different standards for conducting 
research. (e2) 
     
Research safety is of high concern among my 
peers. (f2)      
My lab is orderly and maintained in a way 
that I can easily and safely conduct my 
research. (g2) 
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Statement 
Strongly 
Disagree 
1 
 
Disagree 
2 
 
Neutral 
3 
 
Agree 
4 
Strongly 
Agree 
5 
I feel comfortable communicating safety 
issues to other group members as well as to 
my PI. (h2) 
     
The new safety signage changed my 
laboratory safety practices. (l3) 
     
I am enthusiastic about my job and proud of 
the work I do. (j2)      
I have had safety training at a location other 
than Princeton University. (b3)      
I am aware of the hazards associated with the 
radiation or radioactive material that I am 
working with. (a3) 
     
I believe it is important to participate in 
making decisions regarding my personal 
safety. (c3) 
     
I wear a lab coat and gloves while conducting 
research in the laboratory. (d3)      
I am confident that the training provided 
enables me to work safely in the laboratory. 
(b4) 
     
I conduct personal surveys every time I leave 
the radiation laboratories. (d4)      
My PI provides me with additional, hands-on 
training that I need to feel safe while 
conducting experiments. (b5) 
     
My current position at the university is: Undergra-
duate 
student 
Graduate 
student 
(master’s) 
Graduate 
student 
(doctoral) 
 
Post-
doctoral 
researcher 
 
Faculty/ 
staff 
For survey quality assurance, please select 
number 3, neutral.      
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Appendix C 
Princeton University Observation Worksheet 
 
Date:  Time:     
       
Subject 
PPE Comments and 
Observations Lab coat Safety glasses Gloves Other 
A             
B             
C             
D             
E             
F             
G             
       
Room Comments and observations 
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Appendix D 
Porcelain Chronicles 
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Appendix E 
Laboratory Safety Meme Postings at Princeton University 
 
 100 
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Appendix F 
Princeton University Survey Results 
Figure F.1 illustrates the preliminary survey results for Princeton University by question. 
0% 20% 40% 60% 80% 100%
I know where I can find safety material regarding
specific equipment or chemicals in the laboratory
should I need it.
I know how to use a meter to detect radiation and
contamination, including testing batteries and
checking calibration dates.
I am aware of the hazards associated with the
radiation or radioactive material that I am working
with.
I have had laboratory safety training at Princeton
University.
I have had radiation safety training at Princeton
University.
I have had safety training at a location other than
Princeton University.
I am confident that the training provided enables me
to work safely in the laboratory.
My PI provides me with additional hands-on
training that I need to feel safe while conducting
experiments.
I believe it is important to wear safety glasses in the
laboratory.
I believe workplace health and safety is an
important issue.
I believe it is important to participate in making
decisions regarding my personal safety.
I wear safety glasses while conducting research in
the laboratory.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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Figure F.1: Preliminary Princeton University survey results 
0% 20% 40% 60% 80% 100%
I have to take short-cuts with regard to safety in
order to complete the work expected of me.
I wear a lab coat and gloves while conducting
research in the laboratory.
I conduct personal surveys every time I leave the
radiochemistry laboratories.
Personal radiation exposures are an inevitable part of
my research.
I work with multiple groups or people who have
different standards for conducting research.
My PI values my personal safety while conducting
research.
Research safety is of high concern among my peers.
There is appropriate and sufficient PPE available for
my use in the lab.
My lab is orderly and maintained in a way that I can
easily and safely conduct my research.
There is sufficient opportunity to discuss and
address safety issues in meetings.
I feel comfortable communicating safety issues to
other group members as well as to my PI.
There is sufficient opportunity to discuss and
address safety issues in meetings.
I believe that promoting safety in the workplace is
important.
I am enthusiastic about my job and proud of the
work I do.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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Figure F.2 illustrates the post-intervention survey results for Princeton University by question. 
0% 20% 40% 60% 80% 100%
I know where I can find safety material regarding
specific equipment or chemicals in the laboratory
should I need it.
I know how to use a meter to detect radiation and
contamination, including testing batteries and
checking calibration dates.
I am aware of the hazards associated with the
radiation or radioactive material that I am working
with.
I have had laboratory safety training at Princeton
University.
I have had radiation safety training at Princeton
University.
I have had safety training at a location other than
Princeton University.
I am confident that the training provided enables
me to work safely in the laboratory.
My PI provides me with additional hands-on
training that I need to feel safe while conducting
experiments.
I believe it is important to wear safety glasses in the
laboratory.
I believe workplace health and safety is an
important issue.
I believe it is important to participate in making
decisions regarding my personal safety.
I wear safety glasses while conducting research in
the laboratory.
Strongly Agree Agree Neutral Disagree Strongly Disagree
 104 
 
0% 20% 40% 60% 80% 100%
I have to take short-cuts with regard to safety in
order to complete the work expected of me.
I wear a lab coat and gloves while conducting
research in the laboratory.
I conduct personal surveys every time I leave the
radiochemistry laboratories.
Personal radiation exposures are an inevitable part
of my research.
I work with multiple groups or people who have
different standards for conducting research.
My PI values my personal safety while conducting
research.
Research safety is of high concern among my peers.
There is appropriate and sufficient PPE available
for my use in the lab.
My lab is orderly and maintained in a way that I can
easily and safely conduct my research.
There is sufficient opportunity to discuss and
address safety issues in meetings.
I feel comfortable communicating safety issues to
other group members as well as to my PI.
I help my coworkers when they are working under
risky or hazardous conditions.
There is appropriate and sufficient PPE available
for my use in the lab.
My lab is orderly and maintained in a way that I can
easily and safely conduct my research.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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Figure F.2: Post-intervention Princeton University survey results 
 
 
 
 
 
 
 
 
 
 
 
 
  
0% 20% 40% 60% 80% 100%
I noticed new safety-related signage in and around
my laboratory.
I think the new safety signage was effective at
encouraging laboratory safety.
The new safety signage changed my laboratory
safety practices.
Strongly Agree Agree Neutral Disagree Strongly Disagree
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Appendix G 
Mean Princeton University Survey Responses 
 
Figure G.1: Mean Princeton University response for safety knowledge questions 
 
 
Figure G.2: Mean Princeton University response for personnel training questions 
 
 
Figure G.3: Mean Princeton University response for compliance motivation questions 
4.53
4.82
4.87
4.57
4.12
4.54
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I know where I can find safety material regarding specific
equipment or chemicals in the laboratory should I need
it.
I know how to use a meter to detect radiation and
contamination, including testing batteries and checking
calibration dates.
I am aware of the hazards associated with the radiation
or radioactive material that I am working with.
Preliminary Post-Intervention
5.00
5.00
4.13
4.55
3.87
4.87
4.74
3.93
4.49
3.64
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I have had laboratory safety training at Princeton
University.
I have had radiation safety training at Princeton
University.
I have had safety training at a location other than
Princeton University.
I am confident that the training provided enables me to
work safely in the laboratory.
My PI provides me with additional hands-on training that
I need to feel safe while conducting experiments.
Preliminary Post-Intervention
4.24
4.95
4.84
4.41
4.90
4.72
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I believe it is important to wear safety glasses in the
laboratory.
I believe workplace health and safety is an important
issue.
I believe it is important to participate in making decisions
regarding my personal safety.
Preliminary Post-Intervention
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Figure G.4: Mean Princeton University response for safety compliance questions 
 
 
Figure G.5: Mean Princeton University response for safety practices questions 
 
 
Figure G64: Mean Princeton University response for manager values questions 
 
 
Figure G.7: Mean Princeton University response for safety equipment questions 
3.79
4.45
4.50
4.53
3.77
4.23
4.17
4.06
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I wear safety glasses while conducting research in the
laboratory.
I do not have to take short-cuts with regard to safety in
order to complete the work expected of me.
I wear a lab coat and gloves while conducting research in
the laboratory.
I conduct personal surveys every time I leave the
radiochemistry laboratories.
Preliminary Post-Intervention
3.39
3.24
3.74
3.06
0.00 1.00 2.00 3.00 4.00 5.00 6.00
Personal radiation exposures are not an inevitable part
of my research.
I do not work with multiple groups or people who have
different standards for conducting research.
Preliminary Post-Intervention
4.68
4.42
4.85
4.20
0.00 1.00 2.00 3.00 4.00 5.00 6.00
My PI values my personal safety while conducting
research.
Research safety is of high concern among my peers.
Preliminary Post-Intervention
4.86
4.58
4.66
4.30
0.00 1.00 2.00 3.00 4.00 5.00 6.00
There is appropriate and sufficient PPE available for my
use in the lab.
My lab is orderly and maintained in a way that I can
easily and safely conduct my research.
Preliminary Post-Intervention
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Figure G.8: Mean Princeton University response for safety communication questions 
 
 
Figure G.9: Mean Princeton University response for safety participation question 
 
 
Figure G.10: Mean Princeton University response for safety motivation questions 
  
4.87
4.92
4.58
4.64
0.00 1.00 2.00 3.00 4.00 5.00 6.00
There is sufficient opportunity to discuss and address
safety issues in meetings.
I feel comfortable communicating safety issues to other
group members as well as to my PI.
Preliminary Post-Intervention
4.53
4.27
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I help my coworkers when they are working under risky
or hazardous conditions.
Preliminary Post-Intervention
4.92
4.73
4.81
4.71
0.00 1.00 2.00 3.00 4.00 5.00 6.00
I believe that promoting safety in the workplace is
important.
I am enthusiastic about my job and proud of the work I
do.
Preliminary Post-Intervention
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Appendix H 
Princeton University Calculated Pearson Correlation Coefficients 
 
Princeton University Preliminary Pearson Correlation Coefficients 
 a1  a2 a3 b1 b2 b3 b4 b5 c1 c2 c3 
a2 0.178  
          
 
0.112  
          
  
 
          
a3 0.194  0.550 
         
 
0.084  0.000 
         
  
 
          
b1 0.339  0.206 0.115 
        
 
0.002  0.065 0.309 
        
  
 
          
b2 0.165  0.601 0.549 0.220 
       
 
0.142  0.000 0.000 0.048 
       
  
 
          
b3 0.101  -0.062 -0.095 0.004 -0.119 
      
 
0.368  0.580 0.400 0.970 0.291 
      
  
 
          
b4 0.201  0.314 0.385 0.233 0.082 -0.135 
     
 
0.071  0.004 0.000 0.035 0.466 0.225 
     
  
 
          
b5 0.446  0.156 0.153 0.249 0.115 -0.096 0.225 
    
 
0.000  0.183 0.188 0.030 0.326 0.410 0.051 
    
  
 
          
c1 0.349  0.012 0.198 -0.018 0.114 -0.079 0.088 0.313 
   
 
0.001  0.912 0.078 0.870 0.309 0.481 0.434 0.006 
   
  
 
          
c2 0.180  -0.000 0.017 0.100 0.050 -0.093 0.329 0.090 0.120 
  
 
0.107  0.997 0.883 0.373 0.658 0.407 0.003 0.441 0.288 
  
  
 
          
c3 0.143  0.066 0.410 -0.006 -0.106 -0.031 0.366 0.130 0.297 0.159 
 
 
0.201  0.555 0.000 0.956 0.347 0.784 0.001 0.261 0.007 0.157 
 
  
 
          
d1 0.155  -0.004 0.104 -0.100 0.023 0.016 0.016 0.110 0.629 -0.066 0.278 
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0.172  0.969 0.366 0.379 0.841 0.892 0.888 0.345 0.000 0.567 0.013   
 
          
d2 -0.147  -0.045 -0.197 -0.047 -0.043 0.194 -0.382 -0.254 -0.018 -0.145 -0.258  
0.189  0.693 0.081 0.677 0.705 0.083 0.000 0.028 0.873 0.195 0.020   
 
          
d3 0.179  0.161 0.262 -0.055 0.099 -0.160 0.141 0.160 0.419 0.093 0.346  
0.109  0.154 0.019 0.624 0.382 0.153 0.211 0.167 0.000 0.412 0.002   
 
          
d4 0.255  0.467 0.518 0.101 0.223 -0.262 0.217 0.270 0.393 0.102 0.320  
0.031  0.000 0.000 0.397 0.062 0.026 0.067 0.024 0.001 0.399 0.006   
 
          
e1 0.060  0.275 0.129 0.069 0.182 -0.226 0.042 -0.113 0.169 -0.071 -0.002  
0.590  0.013 0.254 0.536 0.103 0.041 0.710 0.333 0.129 0.529 0.984   
 
          
e2 -0.125  -0.004 -0.077 -0.163 0.037 0.136 -0.289 0.000 0.163 0.018 -0.081  
0.271  0.972 0.503 0.148 0.744 0.229 0.009 1.000 0.150 0.876 0.477   
 
          
f1 0.048  -0.069 -0.025 0.045 -0.013 -0.016 0.040 0.162 0.359 0.017 0.056  
0.671  0.546 0.825 0.693 0.912 0.888 0.728 0.164 0.001 0.879 0.623   
 
          
f2 0.270  0.157 0.361 0.169 0.043 -0.130 0.483 0.384 0.263 0.337 0.324  
0.015  0.161 0.001 0.131 0.704 0.248 0.000 0.001 0.017 0.002 0.003   
 
          
g1 0.223  0.127 0.184 0.178 0.174 0.010 0.311 0.150 0.273 0.178 0.292  
0.051  0.272 0.111 0.121 0.130 0.929 0.006 0.206 0.016 0.121 0.010   
 
          
g2 0.080  0.004 0.229 0.082 -0.053 -0.245 0.212 0.316 0.008 0.222 0.063  
0.483  0.973 0.043 0.467 0.641 0.028 0.059 0.006 0.946 0.048 0.576   
 
          
h1 0.462  0.143 0.248 0.129 -0.048 0.066 0.279 0.276 0.231 0.180 0.513  
0.000  0.203 0.028 0.252 0.669 0.558 0.012 0.017 0.038 0.107 0.000   
 
          
h2 0.278  0.048 0.291 0.118 -0.043 -0.207 0.422 0.393 0.243 0.226 0.419  
0.012  0.674 0.009 0.295 0.705 0.063 0.000 0.000 0.029 0.042 0.000   
 
          
i1 0.375  0.180 0.330 0.161 0.024 0.134 0.220 0.073 0.298 0.056 0.370  
0.001  0.113 0.003 0.155 0.833 0.239 0.051 0.535 0.008 0.621 0.001 
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j1 0.247  -0.031 0.203 -0.003 -0.078 -0.143 0.376 0.213 0.289 0.375 0.405  
0.026  0.782 0.073 0.978 0.487 0.204 0.001 0.067 0.009 0.001 0.000   
 
          
j2 0.132  0.091 0.202 0.044 0.098 0.132 0.338 0.154 -0.029 0.291 0.297  
0.238  0.417 0.073 0.693 0.386 0.237 0.002 0.185 0.799 0.008 0.007 
 
 
 d1 d2 d3 d4 e1 e2 f1 f2 g1 g2 h1 
d2 0.020 
          
 
0.861 
          
            
d3 0.517 -0.100 
         
 
0.000 0.380 
         
            
d4 0.067 -0.052 0.354 
        
 
0.581 0.668 0.002 
        
            
e1 0.175 0.391 0.210 0.277 
       
 
0.122 0.000 0.059 0.019 
       
            
e2 0.238 0.508 0.127 0.092 0.229 
      
 
0.036 0.000 0.263 0.446 0.041 
      
            
f1 0.198 -0.081 0.069 -0.082 0.142 -0.117 
     
 
0.082 0.476 0.544 0.497 0.208 0.304 
     
            
f2 0.076 -0.253 0.306 0.306 -0.018 -0.172 0.129 
    
 
0.507 0.023 0.006 0.009 0.871 0.127 0.259 
    
            
g1 0.257 -0.173 0.182 0.171 0.013 -0.062 0.114 0.131 
   
 
0.025 0.133 0.113 0.159 0.908 0.593 0.324 0.256 
   
            
g2 -0.100 -0.213 0.155 0.267 0.007 -0.006 -0.060 0.552 0.089 
  
 
0.385 0.058 0.171 0.024 0.951 0.955 0.596 0.000 0.442 
  
            
h1 0.237 -0.277 0.288 0.205 0.040 -0.177 0.152 0.397 0.409 0.303 
 
 
0.037 0.012 0.010 0.087 0.722 0.116 0.180 0.000 0.000 0.006 
 
            
h2 0.085 -0.543 0.310 0.249 -0.109 -0.237 0.076 0.499 0.123 0.465 0.527  
0.459 0.000 0.005 0.036 0.333 0.035 0.508 0.000 0.285 0.000 0.000             
i1 0.305 -0.088 0.416 0.244 0.171 0.164 0.078 0.316 0.279 0.172 0.442  
0.007 0.439 0.000 0.040 0.132 0.152 0.502 0.005 0.015 0.132 0.000             
j1 0.152 -0.245 0.169 0.087 -0.114 -0.080 0.049 0.392 0.262 0.290 0.509  
0.185 0.027 0.134 0.471 0.309 0.481 0.668 0.000 0.021 0.009 0.000             
j2 -0.042 -0.229 0.086 0.051 -0.158 -0.085 -0.062 0.487 0.125 0.182 0.029 
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0.715 0.039 0.443 0.671 0.155 0.454 0.586 0.000 0.278 0.106 0.800 
 
 
 h2 i1 j1 
i1 0.228 
  
 
0.043 
  
    
j1 0.478 0.231 
 
 
0.000 0.041 
 
    
j2 0.321 0.161 0.054  
0.003 0.157 0.632 
Cell Contents 
      Pearson correlation 
      P-Value 
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Princeton University Post-Intervention Pearson Correlation Coefficients 
 a1 a2 a3 b1 b2 b3 b4 b5 c1 c2 c3 
a2 0.075 
          
 
0.654 
          
            
a3 0.631 0.009 
         
 
0.000 0.959 
         
            
b1 * * * 
        
 
* * * 
        
            
b2 * * * * 
       
 
* * * * 
       
            
b3 0.261 -0.050 -0.017 * * 
      
 
0.114 0.766 0.917 * * 
      
            
b4 0.400 0.742 0.156 * * 0.103 
     
 
0.013 0.000 0.349 * * 0.539 
     
            
b5 0.330 0.433 0.069 * * 0.528 0.525 
    
 
0.043 0.007 0.683 * * 0.001 0.001 
    
            
c1 0.507 0.558 0.147 * * 0.236 0.673 0.570 
   
 
0.001 0.000 0.379 * * 0.154 0.000 0.000 
   
            
c2 0.583 0.103 0.606 * * 0.175 0.148 0.134 0.150 
  
 
0.000 0.537 0.000 * * 0.294 0.375 0.422 0.368 
  
            
c3 0.208 0.142 0.034 * * -0.043 0.019 0.007 0.299 0.165 
 
 
0.210 0.396 0.841 * * 0.799 0.908 0.965 0.068 0.322 
 
            
d1 0.471 0.517 0.110 * * 0.201 0.616 0.537 0.872 0.135 0.263  
0.003 0.001 0.511 * * 0.227 0.000 0.001 0.000 0.419 0.110             
d2 -0.444 -0.041 -0.247 * * -0.216 0.041 -0.190 -0.178 -0.219 -0.354  
0.005 0.809 0.134 * * 0.192 0.807 0.252 0.285 0.186 0.029             
d3 0.409 0.534 0.049 * * 0.121 0.590 0.428 0.795 0.000 0.343  
0.011 0.001 0.768 * * 0.470 0.000 0.007 0.000 1.000 0.035             
d4 0.222 0.650 -0.031 * * -0.140 0.763 0.379 0.564 -0.119 0.181  
0.181 0.000 0.855 * * 0.401 0.000 0.019 0.000 0.477 0.276             
e1 0.103 0.173 0.001 * * -0.113 0.279 0.214 0.201 -0.138 -0.083  
0.539 0.300 0.994 * * 0.499 0.090 0.196 0.225 0.410 0.619             
e2 -0.286 -0.394 -0.319 * * -0.134 -0.473 -0.248 -0.393 -0.230 -0.103  
0.082 0.014 0.051 * * 0.423 0.003 0.133 0.015 0.164 0.538             
f1 0.264 0.360 0.124 * * 0.340 0.189 0.434 0.200 0.313 0.067 
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0.110 0.026 0.458 * * 0.037 0.256 0.006 0.229 0.056 0.690             
f2 0.338 0.042 0.392 * * 0.019 0.153 0.087 0.201 0.411 -0.031  
0.038 0.800 0.015 * * 0.910 0.360 0.604 0.226 0.010 0.852             
g1 0.451 0.223 0.537 * * 0.004 0.330 0.308 0.277 0.255 0.190  
0.005 0.185 0.001 * * 0.979 0.046 0.063 0.097 0.128 0.259             
g2 0.458 0.003 0.513 * * -0.289 0.144 -0.032 0.184 0.231 0.134  
0.004 0.985 0.001 * * 0.078 0.389 0.847 0.268 0.163 0.421             
h1 0.443 0.275 0.446 * * 0.155 0.276 0.352 0.289 0.501 0.292  
0.005 0.094 0.005 * * 0.354 0.094 0.030 0.079 0.001 0.076             
h2 0.307 0.332 0.175 * * 0.089 0.295 0.231 0.229 0.368 0.305  
0.060 0.042 0.294 * * 0.594 0.072 0.163 0.167 0.023 0.062             
i1 0.794 0.027 0.396 * * 0.348 0.459 0.372 0.631 0.395 0.009  
0.000 0.870 0.014 * * 0.032 0.004 0.021 0.000 0.014 0.956             
j1 0.546 0.061 0.463 * * 0.089 0.073 0.039 0.229 0.805 0.505  
0.000 0.718 0.003 * * 0.594 0.663 0.817 0.167 0.000 0.001             
j2 0.484 0.082 0.418 * * 0.353 0.146 0.406 0.239 0.348 0.041  
0.002 0.630 0.010 * * 0.032 0.389 0.013 0.155 0.035 0.808             
l1 0.272 0.044 0.079 * * 0.159 0.029 0.372 0.124 -0.113 -0.032  
0.099 0.794 0.636 * * 0.339 0.864 0.022 0.458 0.499 0.847             
l2 0.373 0.418 0.085 * * 0.188 0.575 0.391 0.522 0.089 0.252  
0.021 0.009 0.611 * * 0.258 0.000 0.015 0.001 0.594 0.127             
l3 0.177 0.253 0.018 * * 0.232 0.390 0.157 0.240 0.220 0.171  
0.287 0.125 0.914 * * 0.160 0.015 0.347 0.147 0.185 0.303 
            
 
 
 
 d1 d2 d3 d4 e1 e2 f1 f2 g1 g2 h1 
d2 -0.254 
          
 
0.123 
          
            
d3 0.801 -0.246 
         
 
0.000 0.136 
         
            
d4 0.533 -0.029 0.535 
        
 
0.001 0.863 0.001 
        
            
e1 0.285 0.207 0.229 0.438 
       
 
0.083 0.211 0.166 0.006 
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e2 -0.451 0.163 -0.410 -0.294 -0.143 
      
 
0.005 0.329 0.011 0.073 0.391 
      
            
f1 0.203 -0.532 0.038 0.073 -0.188 -0.230 
     
 
0.222 0.001 0.823 0.664 0.259 0.166 
     
            
f2 0.243 -0.153 0.287 -0.049 0.091 -0.362 0.038 
    
 
0.142 0.358 0.080 0.771 0.587 0.025 0.820 
    
            
g1 0.448 -0.434 0.342 0.298 -0.001 -0.322 0.229 0.304 
   
 
0.005 0.007 0.038 0.074 0.994 0.052 0.173 0.068 
   
            
g2 0.311 -0.269 0.340 0.257 0.253 -0.380 -0.053 0.477 0.510 
  
 
0.057 0.102 0.037 0.119 0.126 0.019 0.754 0.002 0.001 
  
            
h1 0.418 -0.268 0.205 0.181 -0.167 -0.315 0.319 0.166 0.827 0.316 
 
 
0.009 0.104 0.217 0.278 0.316 0.054 0.051 0.318 0.000 0.054 
 
            
h2 0.380 -0.224 0.310 0.060 0.052 -0.440 0.225 0.391 0.462 0.287 0.622  
0.019 0.175 0.058 0.720 0.757 0.006 0.175 0.015 0.004 0.081 0.000             
i1 0.549 -0.172 0.515 0.199 0.111 -0.212 0.010 0.446 0.307 0.363 0.257  
0.000 0.302 0.001 0.230 0.506 0.202 0.951 0.005 0.065 0.025 0.119             
j1 0.238 -0.320 0.062 0.060 -0.012 -0.209 0.225 0.271 0.172 0.287 0.383  
0.150 0.050 0.711 0.720 0.944 0.208 0.175 0.100 0.308 0.081 0.017             
j2 0.295 -0.542 0.263 0.065 -0.002 -0.298 0.464 0.595 0.558 0.243 0.345  
0.076 0.001 0.116 0.704 0.991 0.074 0.004 0.000 0.000 0.148 0.036             
l1 0.231 -0.505 0.229 0.109 0.131 -0.019 0.368 0.358 0.525 0.216 0.139  
0.163 0.001 0.167 0.514 0.433 0.911 0.023 0.027 0.001 0.192 0.405             
l2 0.393 -0.020 0.615 0.482 0.304 -0.395 0.040 0.320 0.089 0.199 0.019  
0.015 0.907 0.000 0.002 0.064 0.014 0.813 0.050 0.598 0.232 0.910             
l3 0.112 0.212 0.229 0.132 0.234 -0.085 0.116 0.194 -0.048 -0.053 0.015  
0.505 0.201 0.166 0.430 0.158 0.612 0.487 0.242 0.780 0.753 0.929 
 
 
 
 h2 i1 j1 j2 l1 l2 
i1 0.169 
     
 
0.310 
     
       
j1 0.276 0.277 
    
 
0.093 0.093 
    
       
j2 0.235 0.419 0.235 
   
 
0.162 0.010 0.162 
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l1 0.082 0.212 -0.140 0.775 
  
 
0.625 0.202 0.400 0.000 
  
       
l2 0.111 0.428 0.111 0.293 0.230 
 
 
0.508 0.007 0.508 0.079 0.166 
 
       
l3 0.234 0.253 0.155 0.107 -0.108 0.545  
0.158 0.126 0.352 0.530 0.518 0.000 
Cell Contents 
      Pearson correlation 
      P-Value 
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Appendix I 
Clemson University Correlation Coefficients 
Clemson University Preliminary Pearson Correlation Coefficients 
 a1 a2 a3 b1 b2 b3 b4 c1 c2 c3 d1 
a2 -0.061 
          
 
0.844 
          
            
a3 -0.252 0.525 
         
 
0.406 0.065 
         
            
b1 0.133 0.494 0.128 
        
 
0.664 0.086 0.677 
        
            
b2 0.864 -0.282 -0.220 -0.149 
       
 
0.000 0.350 0.471 0.628 
       
            
b3 0.061 0.046 0.566 -0.216 0.290 
      
 
0.843 0.882 0.044 0.479 0.336 
      
            
b4 0.510 0.451 0.083 0.349 0.282 0.059 
     
 
0.075 0.122 0.788 0.242 0.351 0.848 
     
            
c1 -0.246 0.101 0.420 -0.222 -0.152 0.186 -0.268 
    
 
0.418 0.742 0.153 0.466 0.619 0.544 0.375 
    
            
c2 0.314 -0.228 -0.178 0.601 0.165 -0.263 -0.024 -0.123 
   
 
0.296 0.453 0.561 0.030 0.590 0.385 0.937 0.689 
   
            
c3 -0.146 -0.136 -0.106 -0.297 -0.128 0.329 -0.342 -0.152 -0.103 
  
 
0.633 0.659 0.732 0.324 0.678 0.273 0.253 0.619 0.738 
  
            
d1 -0.494 0.098 0.323 -0.161 -0.386 -0.154 -0.259 0.395 -0.312 -0.242 
 
 
0.086 0.751 0.282 0.600 0.193 0.617 0.393 0.182 0.300 0.425 
 
            
d2 0.041 0.015 0.159 0.192 -0.079 0.076 0.263 -0.451 0.213 0.178 -0.313  
0.894 0.962 0.605 0.531 0.798 0.804 0.386 0.122 0.486 0.562 0.299             
d3 0.137 -0.149 -0.330 0.559 0.058 -0.453 -0.045 -0.043 0.852 -0.192 -0.041  
0.654 0.628 0.270 0.047 0.852 0.120 0.884 0.889 0.000 0.530 0.893             
d4 -0.166 -0.228 -0.178 -0.300 -0.103 -0.108 -0.339 0.677 -0.083 -0.103 0.267  
0.587 0.453 0.561 0.319 0.738 0.726 0.257 0.011 0.787 0.738 0.377             
e1 0.449 -0.185 -0.144 0.055 0.459 0.434 0.317 -0.306 -0.107 0.015 -0.402  
0.124 0.545 0.639 0.858 0.114 0.138 0.292 0.309 0.727 0.961 0.173             
e2 0.500 -0.327 0.068 -0.105 0.601 0.595 -0.068 -0.064 0.334 0.507 -0.365  
0.082 0.276 0.825 0.733 0.030 0.032 0.826 0.834 0.264 0.077 0.220             
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f1 -0.012 -0.058 -0.045 0.000 -0.196 -0.106 0.552 -0.234 -0.158 -0.196 0.141  
0.970 0.851 0.884 1.000 0.522 0.730 0.051 0.443 0.606 0.522 0.646             
f2 0.144 -0.245 -0.315 -0.323 0.177 -0.283 0.313 -0.563 -0.090 -0.039 -0.024  
0.639 0.419 0.294 0.282 0.562 0.349 0.298 0.045 0.771 0.900 0.938             
g1 -0.258 0.025 -0.107 0.000 -0.282 -0.338 0.279 -0.337 -0.228 -0.209 0.573  
0.395 0.935 0.728 1.000 0.350 0.259 0.357 0.260 0.453 0.493 0.041             
g2 -0.082 0.149 -0.099 0.210 -0.307 -0.415 0.558 0.043 0.155 -0.369 0.041  
0.791 0.628 0.747 0.492 0.308 0.159 0.048 0.889 0.613 0.215 0.893             
h1 -0.163 0.134 0.105 -0.068 -0.304 -0.282 0.428 -0.181 -0.245 -0.182 0.525  
0.594 0.662 0.734 0.825 0.313 0.351 0.145 0.554 0.419 0.552 0.066             
h2 -0.110 0.163 -0.093 0.000 -0.245 -0.293 0.617 -0.293 -0.198 -0.182 0.223  
0.721 0.595 0.763 1.000 0.419 0.331 0.025 0.332 0.516 0.553 0.465             
i1 -0.027 0.011 0.009 0.074 -0.061 0.290 0.048 -0.350 0.165 0.735 -0.099  
0.929 0.971 0.977 0.809 0.843 0.336 0.876 0.241 0.590 0.004 0.747             
j1 0.287 0.101 0.079 0.444 0.046 -0.274 -0.036 -0.182 0.677 0.046 -0.033  
0.342 0.742 0.798 0.129 0.882 0.365 0.908 0.552 0.011 0.882 0.915             
j2 0.448 -0.184 -0.144 -0.173 0.381 0.111 0.671 -0.284 -0.192 -0.238 -0.051  
0.125 0.546 0.640 0.571 0.199 0.719 0.012 0.347 0.529 0.433 0.867 
 
 
 d2 d3 d4 e1 e2 f1 f2 g1 g2 h1 h2 
d3 -0.006 
          
 
0.984 
          
            
d4 -0.824 0.097 
         
 
0.001 0.753 
         
            
e1 -0.044 -0.339 -0.107 
        
 
0.886 0.257 0.727 
        
            
e2 0.292 0.095 -0.233 0.292 
       
 
0.333 0.758 0.444 0.333 
       
            
f1 0.403 -0.135 -0.158 0.175 -0.202 
      
 
0.172 0.661 0.606 0.568 0.507 
      
            
f2 0.322 -0.031 -0.381 -0.169 -0.098 0.383 
     
 
0.284 0.919 0.199 0.581 0.751 0.197 
     
            
g1 0.204 0.058 -0.228 -0.185 -0.378 0.693 0.552 
    
 
0.504 0.850 0.453 0.545 0.202 0.009 0.050 
    
            
g2 0.086 0.288 0.155 -0.264 -0.490 0.613 0.370 0.424 
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0.779 0.339 0.613 0.384 0.089 0.026 0.214 0.148 
   
            
h1 0.313 -0.114 -0.245 -0.226 -0.343 0.776 0.594 0.873 0.570 
  
 
0.298 0.711 0.419 0.458 0.252 0.002 0.032 0.000 0.042 
  
            
h2 0.259 -0.009 -0.198 -0.161 -0.419 0.765 0.688 0.798 0.788 0.876 
 
 
0.392 0.976 0.516 0.600 0.154 0.002 0.009 0.001 0.001 0.000 
 
            
i1 0.434 0.182 -0.371 -0.084 0.554 0.143 0.177 0.232 -0.058 0.182 0.201  
0.138 0.551 0.212 0.786 0.049 0.640 0.562 0.447 0.852 0.552 0.510             
j1 0.059 0.515 -0.123 -0.306 0.215 -0.234 0.083 -0.118 0.043 0.000 -0.102  
0.848 0.072 0.689 0.309 0.481 0.443 0.788 0.701 0.889 1.000 0.739             
j2 0.292 -0.213 -0.192 0.443 0.118 0.822 0.466 0.501 0.358 0.567 0.584  
0.334 0.486 0.529 0.130 0.702 0.001 0.109 0.081 0.230 0.044 0.036 
 
 
 i1 j1 
j1 0.244 
 
 
0.422 
 
   
j2 0.071 -0.284  
0.817 0.347 
Cell Contents 
      Pearson correlation 
      P-Value 
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Clemson University Post-Intervention Pearson Correlation Coefficients 
 a1 a2 a3 b1 b2 b3 b4 b5 c1 c2 c3 
a2 0.000 
          
 
1.000 
          
            
a3 0.000 0.655 
         
 
1.000 0.078 
         
            
b1 0.873 -0.218 -0.143 
        
 
0.005 0.604 0.736 
        
            
b2 0.873 -0.218 -0.143 1.000 
       
 
0.005 0.604 0.736 * 
       
            
b3 0.000 0.655 1.000 -0.143 -0.143 
      
 
1.000 0.078 * 0.736 0.736 
      
            
b4 0.778 -0.111 0.073 0.946 0.946 0.073 
     
 
0.023 0.793 0.864 0.000 0.000 0.864 
     
            
b5 0.822 0.206 0.314 0.673 0.673 0.314 0.662 
    
 
0.012 0.625 0.449 0.067 0.067 0.449 0.074 
    
            
c1 0.000 0.655 1.000 -0.143 -0.143 1.000 0.073 0.314 
   
 
1.000 0.078 * 0.736 0.736 * 0.864 0.449 
   
            
c2 * * * * * * * * * 
  
 
* * * * * * * * * 
  
            
c3 * * * * * * * * * * 
 
 
* * * * * * * * * * 
 
            
d1 0.000 0.655 1.000 -0.143 -0.143 1.000 0.073 0.314 1.000 * *  
1.000 0.078 * 0.736 0.736 * 0.864 0.449 * * *             
d2 -0.204 -0.408 -0.802 -0.267 -0.267 -0.802 -0.544 -0.420 -0.802 * *  
0.628 0.315 0.017 0.522 0.522 0.017 0.163 0.301 0.017 * *             
d3 0.873 -0.218 -0.143 1.000 1.000 -0.143 0.946 0.673 -0.143 * *  
0.005 0.604 0.736 * * 0.736 0.000 0.067 0.736 * *             
d4 0.337 0.926 0.606 0.165 0.165 0.606 0.253 0.467 0.606 * *  
0.415 0.001 0.111 0.695 0.695 0.111 0.546 0.243 0.111 * *             
e1 0.000 -0.493 -0.179 -0.179 -0.179 -0.179 -0.201 -0.146 -0.179 * *  
1.000 0.214 0.671 0.671 0.671 0.671 0.633 0.729 0.671 * *             
e2 -0.104 0.518 -0.068 -0.339 -0.339 -0.068 -0.380 -0.277 -0.068 * *  
0.807 0.188 0.873 0.411 0.411 0.873 0.353 0.506 0.873 * *             
f1 0.000 0.104 0.339 -0.204 -0.204 0.339 -0.173 0.448 0.339 * * 
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1.000 0.807 0.411 0.629 0.629 0.411 0.682 0.266 0.411 * *             
f2 0.156 -0.545 0.051 0.459 0.459 0.051 0.597 0.272 0.051 * *  
0.713 0.162 0.905 0.253 0.253 0.905 0.118 0.515 0.905 * *             
g1 0.000 1.000 0.655 -0.218 -0.218 0.655 -0.111 0.206 0.655 * *  
1.000 * 0.078 0.604 0.604 0.078 0.793 0.625 0.078 * *             
g2 0.000 0.364 0.619 -0.143 -0.143 0.619 -0.024 0.434 0.619 * *  
1.000 0.376 0.102 0.736 0.736 0.102 0.955 0.283 0.102 * *             
h1 -0.207 -0.104 0.204 -0.339 -0.339 0.204 -0.242 0.064 0.204 * *  
0.622 0.807 0.629 0.411 0.411 0.629 0.564 0.880 0.629 * *             
h2 0.000 0.149 0.488 -0.293 -0.293 0.488 -0.248 0.153 0.488 * *  
1.000 0.725 0.220 0.482 0.482 0.220 0.553 0.717 0.220 * *             
i1 0.596 0.149 0.488 0.488 0.488 0.488 0.547 0.398 0.488 * *  
0.119 0.725 0.220 0.220 0.220 0.220 0.161 0.328 0.220 * *             
j1 * * * * * * * * * * *  
* * * * * * * * * * *             
j2 0.289 0.000 0.378 0.378 0.378 0.378 0.577 0.356 0.378 * *  
0.488 1.000 0.356 0.356 0.356 0.356 0.134 0.387 0.356 * *             
l1 0.000 0.000 0.267 -0.267 -0.267 0.267 -0.272 0.252 0.267 * *  
1.000 1.000 0.522 0.522 0.522 0.522 0.514 0.548 0.522 * *             
l2 -0.130 -0.065 0.128 -0.213 -0.213 0.128 -0.238 0.147 0.128 * *  
0.759 0.879 0.763 0.613 0.613 0.763 0.570 0.729 0.763 * *             
l3 -0.260 -0.585 -0.213 -0.213 -0.213 -0.213 -0.152 -0.067 -0.213 * *  
0.534 0.128 0.613 0.613 0.613 0.613 0.720 0.875 0.613 * * 
 
 d1 d2 d3 d4 e1 e2 f1 f2 g1 g2 h1 
d2 -0.802 
          
 
0.017 
          
            
d3 -0.143 -0.267 
         
 
0.736 0.522 
         
            
d4 0.606 -0.516 0.165 
        
 
0.111 0.191 0.695 
        
            
e1 -0.179 0.201 -0.179 -0.568 
       
 
0.671 0.633 0.671 0.142 
       
            
e2 -0.068 0.254 -0.339 0.393 0.119 
      
 
0.873 0.544 0.411 0.336 0.778 
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f1 0.339 -0.127 -0.204 0.026 0.290 -0.097 
     
 
0.411 0.764 0.629 0.951 0.486 0.820 
     
            
f2 0.051 -0.477 0.459 -0.374 0.064 -0.848 0.073 
    
 
0.905 0.232 0.253 0.362 0.880 0.008 0.864 
    
            
g1 0.655 -0.408 -0.218 0.926 -0.493 0.518 0.104 -0.545 
   
 
0.078 0.315 0.604 0.001 0.214 0.188 0.807 0.162 
   
            
g2 0.619 -0.445 -0.143 0.312 0.108 0.023 0.882 0.051 0.364 
  
 
0.102 0.269 0.736 0.451 0.800 0.958 0.004 0.905 0.376 
  
            
h1 0.204 -0.127 -0.339 -0.236 0.665 0.097 0.806 0.121 -0.104 0.747 
 
 
0.629 0.764 0.411 0.574 0.072 0.820 0.016 0.775 0.807 0.033 
 
            
h2 0.488 -0.183 -0.293 0.038 0.613 0.232 0.696 -0.174 0.149 0.748 0.788  
0.220 0.665 0.482 0.929 0.106 0.581 0.055 0.680 0.725 0.033 0.020             
i1 0.488 -0.548 0.488 0.339 0.221 0.046 -0.046 0.104 0.149 0.228 0.046  
0.220 0.160 0.220 0.411 0.600 0.913 0.913 0.806 0.725 0.588 0.913             
j1 * * * * * * * * * * *  
* * * * * * * * * * *             
j2 0.378 -0.707 0.378 0.146 -0.095 -0.539 -0.180 0.674 0.000 -0.126 -0.180  
0.356 0.050 0.356 0.730 0.823 0.168 0.670 0.067 1.000 0.766 0.670             
l1 0.267 0.000 -0.267 -0.103 0.604 0.127 0.889 -0.095 0.000 0.802 0.889  
0.522 1.000 0.522 0.808 0.113 0.764 0.003 0.822 1.000 0.017 0.003             
l2 0.128 0.080 -0.213 -0.148 0.331 0.061 0.828 -0.046 -0.065 0.808 0.788  
0.763 0.851 0.613 0.727 0.423 0.887 0.011 0.915 0.879 0.015 0.020             
l3 -0.213 0.080 -0.213 -0.673 0.502 -0.505 0.344 0.561 -0.585 0.014 0.465  
0.613 0.851 0.613 0.067 0.205 0.202 0.405 0.148 0.128 0.973 0.246 
 
 h2 i1 j1 j2 l1 l2 
i1 0.467 
     
 
0.244 
     
       
j1 * * 
    
 
* * 
    
       
j2 -0.258 0.258 * 
   
 
0.537 0.537 * 
   
       
l1 0.913 0.183 * -0.354 
  
 
0.002 0.665 * 0.390 
  
       
l2 0.726 0.029 * -0.563 0.875 
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0.041 0.946 * 0.147 0.004 
 
       
l3 0.029 -0.436 * 0.338 0.239 0.089  
0.946 0.281 * 0.414 0.569 0.835 
Cell Contents 
      Pearson correlation 
      P-Value 
* NOTE * All values in column are identical. 
 
